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Corrosion of Iron

By C.W. BORGMANN

ORROSION of metals is often
called oxidation, butitis a mis-
take to interpret this as mean-

ing that corrosion is a direct formation
ot metallic oxides. In this case, as in all
others where it is correctly used, the
term oxidation i1s much broader. A
metal atom is said to be oxidized when
it loses one or more of its outer elec-
trons and thus forms a positive ion,
which may remain in the solid struc-
ture or be detached and go into sohu-
tion. Corrosion is a type of oxidation
distinguished by the formation of
metal ions dispersed in water solution.

The mechanism of the formation of
such ions can best be approached from
the electrochemical side. A familiar
example of it is found in the ordinary
primary cell. When a zinc electrode
and a carbon electrode are dipped into
a suitable electrolyte, there is created
a potential ditference between them,
which will drive a current through the
closed path of a circuit. This current
passes at the expense of the zinc,
which dissolves in the electrolyte, or
“corrodes.”

FFor ordinary corrosion to occur at
the surface of a metal or an alloy, as
for action to take place in the galvanic
cell, two conditions are fundamentally
necessary. There must first be a cause
of potential difference between two
adjacent portions of the metal, cor-

Fig. \—Exposure to moisture in a manhole

may corrode a cable rack almost beyond

recognition and entirely beyond use, if the
rack has not been properly galvanized

[230]

www.americanradiohistorv.com



www.americanradiohistory.com

responding to the electrodes of the
galvanic cell. There must also be a
closed conductive path permitting the
flow of electric current driven by the
electromotive force. In the galvanic
cell, one part of this circuit is con-
tinuously provided by the electrolyte,
and the other part is provided by wire
when all connections are closed. In a
corroding metal, on the other hand,
the metallic half of the circuit is con
tinuously provided by the metal itself,
and the other half is furnished when-
ever an electrolyte is present.

The most familiar cause of a dif-
ference in potential between two
electrodes is a difference in their
chemical nature, such as is used in the
galvanic cell. Different metals appear
to have different inherent tendencies
to ionize. In corroding metals these
differences are found as differences
between a metal and its impurities, or
differences in the composition of dif-
ferent portions of an alloy.

But such differences are not the
only possible causes of corrosion. The
extent to which a metal can follow its
tendency to ionize depends not only
on the strength of the tendency in the
metal but on the homogeneity of its
environment. Thus every metal in
contact with an electrolyte shows an
electrode potential which is affected
by the composition, concentration and
temperature of the electrolyte, and on
the surface condition of the metal it-
self. Differences in any of these factors
over various regions of a metallic sur-
face will set up potential ditferences
leading to corrosion, even if the metal
is pure or the alloy uniform.

At one electrode, called the anode,
of the electrolytic cell formed as a
result of these differences, each of the
metal atoms ionized loses a number of
electrons characteristic of the metal.
The electrons pass into the body of

[ 2

the metal, and the ions into the elec-
trolyte. These ions migrate toward the
other electrode, called the cathode,
and if they arrive there, tend to reenter
the atomic state through the acquisi

tion of as many electrons as the atoms

ELECTROLYTE /

Fig. 2—All corrosion is accompanied by a
Sflow of cations from anode to cathode
through the electrolyte and of electrons
through the metal, and a flow of anions
through the electrolyte in the reverse direction

previously lost. Because of their tend-
ency to migrate to the cathode, these
ions are called cations.

In the rusting of iron and steel in
normal waters or in the atmosphere.
however, the iron cations never reach
the cathode. In the anodic regions of
the corrosion cell, one iron atom after
another loses two electrons, enters
solution as a ferrous ion, and migrates
toward a cathodic region. In the
presence of dissolved oxygen, each
ferrous ion oxidizes to a ferric ion by
losing one more electron.

Meanwhile in the cathodic regions
molecules of water dissociate, and
their hydrogen ions receive electrons
from the cathode and enter the atomic
state. Complementary hydroxyl 1ons,
the other product of aqueous dissoci-
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ation, having each an extra electron,
are oppositely charged from the hy-
drogen ions and migrate toward the
anode as “anions.” Thus they meet
the opposing stream of ferric cations,
and combine to form ferric hydroxide,
a relatively insoluble product, which
is precipitated from the electrolyte as
the familiar rust. Here, as in all severe
corrosion, the products of disintegra-
tion are formed at a finite distance
trom the corroding surface and hence
usually do not atford protection to the
underlying metal.

The action of short-circuited gal-
vanic cells such as occasion corrosion
would stop due to polarization if other
factors did not come into play.
Polarization of a corrosion cell may
be due to an accumulation of metal
ions at the anode or to an accumu-
lation of atomic hydrogen at the

cathode. Those factors which tend to
keep the cell active or depolarized are
the formation of insoluble corrosion
products, such as ferric hydroxide,
agitation of the solution which re
moves the metal ions at the anode,
and the presence of oxygen or an oxi-
dizing agent at the cathode which
combines with the accumulated hy-
drogen to form water and depolarizes
that electrode.

The velocity of corrosion of a metal
where a given potential difference
exists 1s dependent on several condi-
tions: chiefly, the nature of the cor-
rosion product, the movement of the
solution, the accessibility of oxygen to
the cathode, and the conductivity of
the electrolyte. The nature and mo-
bility of the anions formed by dis-
sociation of the constituents of the
clectrolyte also play important but

Electrolyte

®—[ow]
ok
\—> Fel

dissolved air

Iron,
e
r—

Fig. 3—In the corrosion of iron, ferrous cations are oxidized to ferric cations which
are then precipitated from the electrolyte as insoluble ferric hydroxide, or “rust
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complicated parts in determining the
speed of attack.

Since oxygen is present in great
excess in atmospheric exposure, the
velocity of atmospheric corrosion of
iron and steel is largely dependent on
the presence and nature of the electro-
lyte. Whether or not an electrolyte is
present is dependent on the relative
humidity and rainfall. The nature of
the electrolyte is determined by the
gaseous impurities of the specific
environment.

Differential concentrations of oxy-
gen may occur, however, causing cor-
responding differences in potential. In
the case of iron and steel, such poten-
tials appear to be especially large.
Potentials so caused, reaching .25 volt
for iron in contrast to .07 volt for zinc
and .08 volt for cadmium, have been
measured in these Laboratories.

From extensive studies in recent
years, the effects of the corrosion-
product layer are now judged as of
extreme importance. Iron rust has
been found to have a gel structure
which retains from twenty to fifty per
cent of water when exposed to dry
atmospheres. In these dry atmos-
pheres the water present in the cor-
rosion product is adsorbed on the
surface of this gel and is not free” to
be used as the solvent for an electro-
lytic solution. At relative humidities
of about 40 per cent or higher, how-
ever, more and more of the adsorbed
water is freed to act as a solvent for
atmospheric gases. Hence for iron and
steel there is a critical corrosion hu-
midity (approximately forty per cent
relative humidity, at normal tempera-
tures) above which rapid attack of the
iron takes place.

Reducing atmospheric corrosion by
adding copper to steel may prove to be

a case in point. [t would be supposed
that the chemical difference between
copper and iron would accelerate
corrosion by the formation of electro-
lytic cells with the two metals as
electrodes. Apparently this effect 1s
more than counterbalanced by the
fact that the presence of copper
changes the nature of the corrosion-
product layer so that it retards further
attack. It may be that this change in-
creases the critical corrosion humidity.

A fresh piece of iron or steel which
has come into contact for a short
period of time with a relatively dry,
pure atmosphere will develop an oxide
film over the surface. Where this film
is free of cracks or pores the electro-
chemical properties of that surface are
radically different from those of a
freshly “scraped piece of iron. The
oxide film makes the metal chemically
passive, like more noble metals. This
air-formed film on iron is usually so
thin as to be invisible, but under
favorable conditions it grows thick
enough to show interference colors.
The temper colors on tempered steel
are due to this type of film. On iron
and steel, however, the film tends to
crack readily, and it is at these cracks
that anodic areas are formed and cor-
rosion first occurs. Imperfections in
the film result also from impurities
such as slag inclusions which form
no fiim.

One of the biggest of recent ad-
vances in combatting the corrosion of
steel has resulted from alloying with
chromiumandchromium-nickel.These
constituents appear to impart to Fhe
alloy the ability to maintain an im-
pervious protective film under most
conditions of exposure. Well known as
stainless steels, these alloys are con-
tinually finding wider application.

[233]
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Printing the Test-Board Instructions

By F. 5. KINKEAD
Toll Systems Development

N order to maintain high grade
service over long-haul telephone
and rtelegraph circuits, it is neces-

sary to provide test and order wires
along each route, which are not con-
nected with the circuits used by custo-
mers but are solely for the use of
repeater and testboard attendants.
Over some of these wires communica-
tion 1s telephonic, but over others it is
telegraphic. Telegraph signalling over
the latter type of wires has hitherto
been by Morse keys and sounders, and
has been audible at all stations on the
same circuit whether or not all sta-
tions were concerned with the message.

In recent years certain disadvan-

tages of such signalling have become
apparent. The use of teletypewriters
on commercial telegraph circuits has
become so widespread that it is diffi-
cult to secure repeater attendants
trained as NMorse telegraph opera-
tors.  Furthermore so many order
wires pass through the larger long-
distance offices that the clatter of their
sounders confuses an attendant listen-
g to but one, from which he may be
some distance away when he is called.
T'here has been developed for test and
order wires, therefore, a signalling
system in which the keys and sounders
are replaced by teletypewriters and a
selective calling arrangement causes
only those at the interested stations
to operate.

The system provides at each station

on the wire a teletypewriter, of which
one of the No. 15 type is shown in

Figure 1, and the selecting equipment
shown in Figure 2. Any circuit suitable
for half-duplex teletypewriting can be
used for the calling and signalling line;
the teletypewriter and selector at each
station are connected in series in a sub-
scriber’s loop from a terminal repeater
in the circuit. Control units associated
with each selector, shown at left and
right of Figure 1, consist of a dial,
keys, and lamps. These units provide
means of calling and controlling the
power supply to all stations on the line.

With this system an operator can
dial any other station or group of sta-
tions on the line. During dialing, the
selectors at all stations operate; when
dialing is completed, those at the
called stations sound alarms and apply
power to the motors of the teletype-

Fig. 1v—1In the curvent installations of the

selective calling system, a teletypewriter of

the No. 15 type is used. Control box and
dial are mounted adjacent to it

[234]
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writers at the calling and called points,
When the motors have started, any
station can transmit, and all stations
where the motors are operating will
receive simultaneously.

Since the dial pulses are within the
frequency range of the teletypewriter
signals, it is necessary to prevent the

Fig. 2—The selector, containing a No. 204-type selector
switch, and selecting and controlling relays, can be mounted
on a standard relay rack. It is shown here in the form it
takes for one station on any line having any number of sta-

tons up to forty-rwo

selectors from being falsely operated
by these signals. This is accomplished
by virtually removing all selector
units from the line circuit when it isin
use by slow-release relays which re-
main operated through normal signals.
The selectors will respond, however,
when the break key of any teletype-
writer is operated to send a long open
pulse over the line.

The depression of a key in the con-
trol box, causing pulsing relays to
transmit five break signals, will stop
all motors, clear all selections, and
restore all selectors to the original
calling condition. When, during com-
munication, another key in the control
box is operated, causing the trans-
mission of three instead of five break
signals, the motors stop and the selec-
tors return to the line, but the original
selections remain. It is then possible

to dial another station and add it to
those receiving the communication
without redialing the stations origi-
nally receiving.

Since the line can be used for only
one communication at a time, the busy
lamp on each control box is lighted
while either dialing or printing is n
progress at any sta-
tions. To indicate
trouble, another lamp
is lighted when theline
1s open.

Ingeneral thesystem
is similar in its manner
of functioning to the
familiar rural telephone
line. There calling 1s
accomplished by inter-
rupting the ringing
current into a code of
long and short pulses,
analogous to dial
pulses, which energize
all ringers. The sub-
scribers are the select-
ing mechanisms, recognizing their
code numbers and answering the calls.
This similarity points to the fact that
the new system is adapted not only
to order wire service but to any tele-
typewriter service where, as with the
rural line in telephone service, the dis-
tribution of the stations,or the relative
infrequency of calls, makes mainte-
nance of a central office uneconomical.

The new system offers, moreover,
all the unique possibilities, advanta-
geous in certain services over either
telephony or Morse telegraphy, which
teletypewriters contribute. Misunder-
standingand repetition are eliminated.
Messages can be transmitted even
though nobody answers the call, and
can be filed for permanent record. The
possibility of sending to unattended
stations is especially helpful when a
broadcast is sent to several points.

[ 2351
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Mechanically Locking Keys

By G. A. RI'TCHIE
Telephone Apparatus Development

OR four-party ringing on sub-

scribers’ lines, traffic and operat-

ing conditions make desirable
the use of push-button keys in trunk
and cord circuits. One button s
associated with each party letter.
Keys of this type commonly consist
of the required number of spring as-
semblies, operated by push buttons
and mounted on a frame which is in
turn arranged to mountn the keyshelt
of the telephone switchboard. The
keys have been of two types, broadly
speaking, for association with two
alternative types of ringing, the older
“manual ringing”  and  the later
“machine ringing.”’

EXTENSIONS OF SLIDE -PLATES
WHICH ARE ACTUATED. BY THE
LOWER PART OF THE PUSH

BUTTONS .

INDICATOR SLIDE
PLATES

-
»
tu e == S

Using a “manual ringing”’ key, it is
necessary for the operator te repeat
the operation manually if the sub-
scriber fails to answer on the first ring.
It 1s necessary to provide such keys
with an indicating device to assist the
operator in relocating the button
associated with a called party. In the
old manual ringing key (Figure 1) the
indicating device consisted of a series
of small plates to which a longitudinal
motion was imparted by the conical
under-side of the downward-moving
push buttons acting upon upward
turned extensions of the plates. When
any button was depressed the plates
to the rear of that button moved

SPACE BETWEEN INDICATOR
SLIDE PLATES INDICATING
THE BUTTON TO THE
LEFT OF IT WAS THE LAST
ONE OPERATED

tug. v—The push buttons of the old “manual ringing” key contained no locking

mechanism, but embodied as an indicating mechanism the small sliding plates appear-

ing on the top. The heavy line which appears 1o the right of the second button indicates
that this was the last button operated

[236]
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ARMATURES FOR HOLDING.~
PLUNGERS IN DEPRESSED
POSITION

“SELECTROMAGNET

Fig. 2—1In the early kevs for “machine ringing” the plungers were held in the operated
position by an electromagnet

toward the rear of the key and the
remainder of them moved toward the
front, exposing a red background be-
hind the button.

While manual ringing is used to
some extent today, the other arrange-
ment i1s more usual: that in which
ringing, once started by depressing the
ringing button associated with the
called station. continues intermit-
tently until the subscriber answers or

the call is abandoned. Such “machine
ringing”’ necessitates the use of a key
in which any one of the buttons will be
heldin the operated position. ['ormerly
this was accomplished by equipping
the keys with electromagnets which
were energized when the button was
depressed, thus holding the plunger
down until the subscriber answered or
the call was abandoned. Either of these
occurrences automatically cuts oft the

PLUNGER LOCKING CONE

Fig. 3—In mechanically locking keys the action of an clectromagnet is replaced by

that of a sliding latch plate.

The side of the key and the locking plate have been cut

out lo show the locking mechanism

(2371
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magnetizing current and permits the
button to return to the normal
position. These keys were known as
electrically locking keys (Figure 2).

To economize space and power and
to simplity design, this type of key
was subsequently replaced by me-
chanically locking keys. In these keys
the plunger of any depressed ringing
button is held by a mechanical locking
device in the operated position where
it remains until the operation of
another ringing hutton releases it.

In its early form (Figure 3) the
mechanically locking key was equipped
with a sliding locking plate perforated
with holes through which the plunger
rods passed. When a button was de-
pressed a metal cone which formed
part of the plunger rod associated with
that button caused the locking plate
to move longitudinally against the
pressure of a spring until the top of the
cone passed below the lower surface
of the locking plate after which the
latter returned to its initial position
and held the plunger in the depressed
position. The longitudinal movement

LOCKING ROLLER,

of the locking plate due to the subse-
quent operation of another plunger
would disengage the plunger previ-
ously depressed, allowing it to return
to its normal position.

In alater design of keys of this type
(Ergure 4) the serviceable life of the
key was materially increased by
equipping thelocking plate with rollers,
engaging the plunger cones in the
locked position. Furthermore, im-
proved methods of building up the
spring assemblies afforded greater
flexibility in arranging different spring
combinations, at the same time giving
a greater margin of safety against
electrical breakdown.

In Figure 5 is shown a typical
manual ringing key of the type used at
the present time. In this key the
mechanically locking feature has been
utilized as a means of indicating the
button last operated, thus permitting
the elimination of the sliding plate in-
dicators used on the older type of
manual ringing keys. It is similar in
construction to the machine ringing
key but is arranged so that the contact

PLUNGER
LOCKING CONE

Fig. a—By equipping the latch plate with rollers, its useful life has been increased.
The side of the locking plate has been cut out to show one of the rollers

[238]
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LOCKING ROLLER

LOCKING PLATE
SPRING

LOCKING PLATE

PLUNGER
lLOCKING CONE

Fig. s—1In the present manual ringing key, a button after being operated returns to an
unoperated but partially depressed position which serves to identify it as the button
last operated

springs are operated only while the
buttons are held manually depressed
to the extreme downward limit of
their stroke. When the operating
pressure is removed the button re-
turns to an intermediate position
where the contact springs are un-
operated. This partially depressed
position identifies the button as the
one last operated. Subsequent opera-
tion of any other ringing button moves
the locking plate and restores the pre-

viously operated button to normal.

While the primary use for mechani-
cally locking keys is in cord and trunk
circuits they are also used to a con-
siderable extent for switching at sub-
scribers’ stations. The keys used for
this purpose do not differ materially
in construction or operation from
those previously described except that
since they are usually required for
mounting on a desk or table, they are
provided with some form of enclosure.

[239]
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Switchboard Lamps

By . C. WRIGHT
Telephone Apparatus Development

MALL incandescent lamps were
first used for linesignalsin a tele-
phone switchboard installed in

1894. During the next few vyears,
several different designs of lamps were
developed with various methods of
mounting, but gradually all but the
No. 2 type were abandoned. Although
there are twenty-five ditferently coded
switchboard lamps in use in the Bell
System today, they all are of the same
size and shape, and of the same exter-
nal design as the No. 2 type, one of
which is shown in Figure 1.

Probably few people realize the
exacting requirements which switch-
board lamps must meet. In a switch-
board other apparatus may be associ-

Fig. 1—All switchboard lamps of the present

time, although differing widely in voltage,

current, and illumination characteristics,
have similar outside dimensions

ated with the lamp and, consequently,
the characteristics of the lamp affect
the operation of this other apparatus.
Not only must the switchboard lamp
give a satisfactory signal at low volt-
age, but it must not produce objec-

tionable glare at the higher voltages
and in some cases the current must be
within certain limits so that any
associated apparatus will function
properly.

The strictness of the requirements
is illustrated by the demands placed
on the 18-volt P.B.X. lamp. It must
give a satisfactory signal with a poten-
tial at the P.B.X. of only 14 volts and
with 200 ohms in series with the lamp,
and must have a satisfactory life when
operating at 26 volts with noresistance
in series with it.

As was true of the first illuminating
lamps, the early switchboard lamps all
had carbon filaments. Although prac-
tically all carbon filament lamps em-
ployed for commercial lighting have
been replaced by tungsten lamps,
switchboard lamps of both types are
used extensively in the telephone
plant. For certain telephone purposes
the characteristics of a carbon filament
are required, while for others the use
of tungsten may be necessary. During
the past few years, however, the use of
rungsten switchboard lamps has been
increasing rapidly, and for some pur-
poses carbon lamps have been largely
superseded.

A typical No. 2z carbon-filament
switchboard lamp is shown in Figure
2. The filament is attached at the ends
to two straight mount wires which are
supported by the inner glass structure
of the lamp. These mount wires, in
turn, are welded at the other end to
two seal wires which extend through

[240]
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the plass bulb and are either soldered
or welded to the inside surface of the
rerminals. There are four different
forms or shapes of filament used for
carbon lamps. The simplest is the half
loop, or U. The others are the single,
double, or triple loops. The type used
depends upon the length and diameter
of the filament required for the par-
ticular characteristics desired, but in
all cases the filament is stiff enough to
require support only at the ends where
it 1s fastened to the mount wires.

The specific resistance of tungsten
is much lower than that of carbon so
that for lamps of the same current and
voltage rating a filament both smaller
in diameter and greater in length is
necessary when tungsten is used. To
get a length of filament in the lamp
sufficient to give the required resist-
ance, it has been found necessary to
wind the filament in the form of a
helix. Even then it is difficult at times
to get a sufficient length of it into
the bulb. In one case, for example, it
is necessary to mount more than
six inches of tungsten wire approxi-
mately .00035 inch in diameter, within
the cylindrical space of a bulb only
% inch in diameter and not more than
half an inch long.

The helix is formed by winding fine
tungsten wire on a steel mandrel with
a diameter of from .0025 to .014 inch,
depending upon the type of lamp.
IFollowing this the mandrel is cut into
lengths that will give the desired
number of turns in the helix, and
placed in acid, which dissolves the
steel and leaves the helix of tungsten
wire. The filament is wound on the
mandrel at high speed and the delicacy
of the operation can be appreciated
anly when it is observed through a
micrnscope. After the removal of the
mandrel, the filament is clamped or
welded ro the ends of the mount wires.

In lamps rated at eight volts or less,
the filament is short enough not to
require additional supports, but for
higher voltages one or two anchor
wires are required to support the
greater length of helix. The arrange-
ment of a two-support tungsten fila-
ment is shown in Figure 3.

For switchboard signaling purposes

Fig. 2— Construction of the type 2 lamp
except for the size and material of the fila-
ment is the same for all ratings

the only part of the light from the
lamp that is useful is that which falls
on the rear surface of the glass lamp
cap or translucent designation card
ordinarily placed in front of the l}ulb.
This is termed the “end illumination v
of the lamp and is the average lumi-
nation in foot candles on a plane sur-
face .28 inch in diameter touching the
end of the bulb and perpendicular to
the axis of the lamp. For convenience
the term ‘““end illumination in foot
candles” is contracted to “end foot
candles.” Commercial types of pho-
tometer equipment are not suitable

[2411]
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for measuring this characteristic so
the Laboratories has developed a
special photometer attachment for
the purpose.

Since carbon has a negative temper-
ature-resistance coefficient while that

i) |}
i -
I

| g

Fig. 3—drrangement of a double su pported
tungsten frlament

of tungsten is positive, the charac-
teristics of the two types of lamps are
quite different. A tungsten lamp of the
same voltage and current rating as a
carbon lamp usually gives a satis-
factory signal at a lower voltage, and
withstands over-voltage better. Also
the cold resistance of the tungsten
lamp is only a fraction of that of a
carbon lamp of the same voltage and
current rating. When voltage 1s first

applied, therefore, a momentary surge
of current flows in a tungsten lamp
which causes it to reach normal
brilliance more quickly than a carbon
lamp. This quicker response of the
tungsten lamp gives it better **flash-
ing”" characteristics than the carbon
lamp so that its use is more desirable
under certain circuit conditions.

Under other conditions, where the
lamp is shunted with a resistance, the
positive temperature coefficient of
tungsten is a disadvantage. Because
its resistance falls with decrease in
temperature, a tungsten filament will
not shunt out when placed in a circuit
designed for a similarly rated carbon
lamp. Also the effect of the initial
surge of current in a tungsten lamp
may be more severe on the contacts of
control relays.

One of the earliest needs for the
tungsten lamp arose in connection
with P.B.X.switchboards not equipped
with line relays. For a number of
years an 18-volt carbon lamp was
used, but because of the severe condi-
tions mentioned earlier in this article,
this lamp did not receive sufficient
voltage to give a sarisfactory signal
under the worst conditions. It was
found possible, however, to develop a
tungsten lamp which would meet both
maximum and minimum voltage con-
ditions more satisfactorily. As a result,
the tungsten lamp has replaced the
carbon lamp to a large extent for this
service.

The characteristics of these two
lamps are shown by the curves of
Figure 4 from which it may be seen
that the tungsten lamp has a ““ ballast-
ing” effect, that is, the percentage
change in current is less than the cor-
responding percentage change in volt-
age. This explains the advantage that
the tungsten lamp has in this service,
for when the battery voltage is low

[242]

www.americanradiohistorv.com


www.americanradiohistory.com

and the loop resistance is high, the
loop current with the tungsten lamp
will be greater than with the carbon,
and when the voltage i1s high and the
loop resistance low the current with
the tungsten lamp will be less than
with the carbon.

Tungsten lamps are also used for
idle-trunk-indicating purposes in the
toll tandem board, and for busy sig-
nals for toll switchboards as already
described in the Record.* Here they
are used in place of magnetic busy
signals and are operated on commer-
cial alternating current which is de-
livered to them through step-down
transformers and protective devices.
By using these lamps in a combined
lamp socket mounting and designation
strip it has been possible to effect a
reduction in equipment space required
on the face of the board and a lowered
cost of power. Carbon lamps would
not have been as satisfactory for this
service because they would have re-
quired higher operating voltage and

*Beri. LanorATORIES RECORD, Fune, 1931, p. 467.

Fig. s—A portion of the Laboratories’ life-
testing equipment for switchboard lamps

current to give satisfactory signals,
and would have less satisfactory
illumination char-
acteristics and shorter
200 life than the tungsten
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Fig. 4—Typical comparative characteristics of tungsien and
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during life. Tor this
purpose it 1s neces-
sary to carry on
extensive life tests.
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Part of the Laboratories life testing
equipment is shown in Figure 5. Al
ternating currentis used and practical-
ly any required potential up to 110

volts is available. The lamps may be
tested in both vertical and horizontal
positions. The total equipment has
a capacity for testing 7000 lamps.

Police Radio Transmitter [nstalled

A New wesTERN Electric 1 kw radio
transmitter has recentlv been installed at
Police Headquarters in New York, with
call letters WPEG. It is similar to the

B. R. Cole, who supervised the installation,
points out interior details of the new po/it'e'
transmitter to Patrolman Edward Barth.

304A Radio Transmitting Equipment re
cently developed for broadcasting pur-
p()SCS.

This equipment is being supplemented
by two additional joo-watt radio trans-
mitters, one to be located in the Bronx
and the other in Brooklyn. These stations
will form a radio transmitting network
covering greater New York. The network
will be controlled from Headquarters and
police alarms will be broadcast over all
stations from this point. This control is
made possible through the 9A Speech
Input Equipment which has been in-
stalled adjacent to the transmitting
equipment at Center Street. A switch is
provided on the control panel whereby
the police commissioner or chief inspector
may personally dispatch orders through
microphones in their offices.

Dispatching of orders will take place
from a newly fitted out operating room
which is adjacent to the headquarters
telephone switchboard. Incoming calls are
sent to a dispatcher in the operating
room who has before him on a large table
detailed maps showing police precincts in
all the boroughs. Small numbered discs
represent the cruising police cars. With
the disks arranged on the maps before
him the dispatcher sees what cars are
available and notifies the announcer what
car or cars are to be dispatched to the
scene of the trouble.
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Measuring the Illumination From

Switchboard Lamps

Bv N. INSLEY
Telephone Apparatus Development

RDINARY incandescent

lamps are rated in watts and a

purchaser buys enough total
wattage to light satisfactorily what-
ever location he has in mind. He is
really interested in the amount of
illumination in foot candles on some
working surface, such as a desk or
table, but because the lighting fixtures
may be located in various positions
and because the amount of reflected
light varies with the color and near-
ness of the walls and ceiling, there is
no uniform relationship between the
luminous output of the lamp and the
intensity of illumination on the work-
ing plane.

Switchboard lamps on the other
hand are intended to give a visible
signal and the characteristic of interest
is the luminous intensity of the front

of the lamp cap or designation strip.
As it is not feasible to specify rigidly
the density and diffusion of the
caps, these variable factors must be
eliminated from measurements which
are intended to yield information
about the lamps themselves. Measure-
ment technique, therefore, has been n
use for many years which gives the
amount of illumination delivered to
the rear face of the lamp cap since the
juminous intensity of the front of any
given lamp cap or designation strip
is proportional to the light received by
the back. Illumination is measured n
foot candles and since this value is de-
termined in the direction of the end of
the lamp, the unit was styled the
“end-foot-candle.”

The relative positions of lamp and
cap in a switchboard are shown in
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Figure 1. The inside diameters of the
caps now average .28 inches and the
new unit is defined as the average
ilumination in foot candles produced
by the lamp on a plane circular area
28 inch in diameter touching the tip

Fig. 1—ds mounted in a switchboord the

axis of the laimp is perpendicular 1o the rear

swface of the lamp-cap lens and the lamp
Hp is touching it

of the lamp and perpendicular to the
lamp’s axis. It has proved to be an
excellent measure of the signal ability
of switchboard lamps.

As set up in the lLaboratories in
t913, the apparatus for measuring
end-foot-candles, abbreviated E.I*.C.,
consisted of a portable photometer
and a special switchboard lamp holder
made of a thin hard-rubber shield with
a .28 inch diameter hole, clamped to a
disc of diffusing glass.
This disc was located
parallel to and about
two inches from a
white mat surface. The ¢
light from the lamp ,_ |5
that passed through
the diffusing screen L
and lighted the mar -

|
|

Slll'fﬂCC was n]eilsl]red
by the photomerer.

Calibration was ob- Vv !

tained by placing a  wwuer] [
H BRODHUN
standardized lamp of T3¢ !
|

about 16 candle power
a known distance from
the diffusing disc. Be-
cause of the large

| DIFFUSING GLASS
|

filament of the standard lamp, the
distance from the glass had to be
greater than for the switchboard
lamp, with the result that the amount
of light received in the photometer
was too small for satisfactory calibra-
tion when the standard .28 inch open-
ing was used. T'o avoid this difficulty a
shield with an opening thirty times
greater was employed, and it was
assumed that the illumination would
be thirty times as great. The calibra-
tion was made on this basis.

For some ten years this method
proved satisfactory, but with require-
ments becoming more severe it be-
came necessary to measure switch-
board lamps more accurately and over
a wider range of illumination. Forty
1. 1.C. used to be the lowest reading of
interest, then 20 E.1.C. became the
lowest limit, and now one E.F.C. is
measured as a non-signal condition.
At this point the intensities seen by
the operator are almost as low as
moonlight.

To meet these stricter requirements
it became necessary to redesign the
apparatus to obtain three major im-
provements: better mechanical fea-

SWITCHBOARD LAMP “A”

F=— LAMP FIXTURE

COMPARISON LAMP

ON SLIDING ROD

l-=sleEYE PIECE

Fig. 2— End-foot-candles are measured at present by a port-
able photometer and a special lamp fixture
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tures, reduction of the light loss in the
aptical system, and decrease in cali-
bration errors. The arrangement of
the present apparatus is shown in
Figure 2, It has two essential parts:
a standard portable photometer and a
Jamp fixture.

The latter consists of a bakelite
shield B, with a .28 inch hole, a dif-
fusing glass C, and a second diffusing
glass D, which is evenly illuminated
by the diffused light from the first
diffusing glass. The second diffusing
glass is employed to present an evenly
illuminated area to be viewed through
the photometer, and to insure that
it is the average illumination through
the .28 inch hole that is measured. In
the earlier apparatus a white mat sur-
face was employed instead of this
second diffusing glass, and was placed
two inches from the first glass instead
of one-half inch as is the present one.
This change, together with others, such
as the use of thinner glass, resulted in
improving the light transmission some
tenfold. The operator can measure
four E.F.C. with the present equip-
ment as well as forty with the earlier.

To obviate the necessity of specify-
ing the transmission characteristics of
the diffusing discs C and D (Figure 2)
the photometer is calibrated by de-
livering a known illumination to disc
C, from the direction of the lamps to
be measured. A 21 candle-power lamp
of the automobile headlight type is
mounted in a small brass housing with
one opening as shown in Figure 3. The
complete fixture is sent to a recog-
nized standardizing laboratory to be
calibrated for both 20 and 100 foot
candles on a surface flush with the out-
side of the bakelite spacer A. This is
done by adjusting the current in the
lamp until the light on this surface
js at these two values as measured by
the standard photometer.

Tocalibratetheportable photometer
equipment in the Laboratories, the
spacer A—which has the same thick-
ness as shield B of Figure 2—is re-
moved and the fixture is clamped with
its opening against the .28 inch hole of
shield B of the photometer. The cur-
rent in the comparison lamp of the
photometer is then adjusted until,
with the photometer reading 20 or 100
foot candles, the concentric discs
viewed through the photometer merge

Fig. 3—An improved calibrating method
employs an automobile type lamp in a
special fitting

into one. This determines the value of
current at which the comparison lamp
should be operated. Various errors,
such as that due to using different
sizes of holes, are thus eliminated, and
the accuracy of the measurements
has been greatly increased.

The lamp to be measured is placed
in the instrument as shown in Figure
2 just outside the shield B and the
comparison lamp in the photometer is
moved toward or away from its dif-
fusing glass till the brightness of the
two surfaces seen in the Lummer-
Brodhun cube appears the same. At
this setting, the illumination in E.F.C.
is read directly from the sliding scale
of the photometet.
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Of the difficulties encountered in
photometering  switchboard lamps,
the large color range normally en-
countered 1s perhaps the greatest.
Ordinary  incandescent famps  are
measured under the fixed conditions
of voltage and efficiency at which they
are designed to operate. Switchboard
lamps, on the other hand, although
they have a nominal voltage rating,
may be subjected to a wide variation
of voltage in service. It is necessary to
know not only how much illumination
a Jamp gives at its rated voltage but
how low the voltage may go and still
produce a visible signal, and also how
high the ithumimation is when the vol

tage reaches a value at which the lamp
has only a few hours’ life.

This wide range of voltages pro-
duces a variation in the temperature
and thus of the color of the hlament.
The range extends from a dull red to
an intense white and the illumination,
from less than 10 E.IF.C. to thousands.
Such color variations limit the pre-
cision of reading but so far attempts to
correct it have not proved beneficial.
Photoelectric cells and other methods
that might eliminate the necessity of
human judgment have not been found
satisfactory under these conditions
although they are generally accepted
for measuring lamps at fixed voltages.

C N9

E. H. Toney tracing a circuit in the Panel System testing
laboratory
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A Re-recording Machine For Sound Films

By J. J. KUHEN
Special Products Engineer

MODERN sound-picture film
as ‘“released” usually bears
little resemblance to the films

initially taken of the production. Itis
rather a modified composite built from
sections of the original films with the
addition of various accompanying
sounds such as rain, thunder, trains,
revolver shots, or orchestral accom-
paniments. Not only are these other
effects added, but the volume levels of
the various sections are adjusted to
make the whole fit properly together.
The building up of a complete sound
picture for release i1s thus an art mn
itself, and requires apparatus and a
technique distinct from those of the
original taking.

In the construction of the final
“released” picture, sections of the
sound tracks of preliminary films, cor-
rected for level, are transferred elec-
trically and in the desired order onto a

new film. This requires a machine to
convert the variations of the sound
track of a film into equivalent electri-
cal currents to be used not by loud
speakers but for the recording of a new
sound track. The machine that does
this, known as a re-recorder, thus plays
an essential part in the making of the
final form of the picture.

Such a piece of apparatus, embody-
ing all the refinements and improve-
ments that a wide but rapidly acquired
experience has made possible, has
recently been developed by the Labo-
ratories and is being offered to the
industry by the Electrical Research
Products, Inc. Requirements placed
on it are more severe than those de-
manded of a reproducer since in the
process of re-recording, of which there
may be several successive steps, the
variations introduced by the appara-
tus are cumulative. The reproduction
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must be as nearly per-
fect as is commercially
possible.

Tront and rear views
of the new Western
Electric machine are
shown at the head of
this article and in Fig
ure 1. Mechanically
there are three major
sections—a film maga-
zine above, a sound
reproducing head be-
neath it, and a driving
motor at one end, all
mounted on a sub-
stantial cast iron base.
The film magazine compartment has
space for two reels of cither one or
two thousand feet capacity. Oneis the
supply reel and the other the take-up
recl. Beneath it is the reproducing
head which includes @ sound lamp with
the necessary optical system for focus-
ing the light on the sound track, and a
photoelectric cell for receiving the
modulated light beam. To the left of

Fig. 1—On the rear of the new re-recorder are the photo-
eleciric cell cabinet, the gear box, and the spring-damped

Slywheel of the sonnd sprocker

Fig. a—The three lens units of the optical system are mounted
on a coninon support which also carries the double roller

sound aperture

the reproducing head, when viewed
from the front, is the driving motor
which is arranged to be synchronized
with the recording machine with
which the re-recorder is being used.

Details of the reproducing head are
shown in Figure 3. The drive shaft
from the motor enters a gear bhox,
which 1s integral with the head but
faces the opposite direction, and
through suitable gears
drives two sprockets
within the head. One,
in the upper left hand
corner, 1s a combina-
tion pull-down and hold-
back, and the other is
the sound sprocket,
which draws the film
through the light beam.
These are the only
driven sprockets in the
compartment.

The film, coming
from the supply reel of
the film magazine, is
held against the pull-
down sprocket by a
double roll retainer,
then passes around an
idler roller directly be-
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neath it, and then around a drag roller
which maintains a constant tension on
the film as it passes up through the
sound aperture. I'rom here 1t passes
over the sound sprocket, by the other
sideof the pull-downsprocket,and rhen
before passing back to the film maga-
zine runs over the roller of the signal-
ling device. This device,evidentin both
Figures 3 and 4, gives an alarm if the
film should break. Like most of the
other rollers in the compartment, the
drag roller is of stainless steel and
accurately made to insure that it runs
trueand with constanttension. Flanges
on each side guide the film along the
proper path, and tension is maintained
by friction discs bearing against the
sides. Tension may be controlled by
adjusting a compression spring on the
outer face of the drag rvoller. The film
is held close to this drag by a voll of im-
pregnated fabric tensioned by a flat
steel spring.

The sound aperture 1s of the double
roller type which insures a smooth,
steady movement of the filin past the
scanning beam, and a minimum likeli-
hood of its moving out of the focal
plane. These rollers, also of stainless
steel, are very accurately ground and
rotate i Jewel bearings. They are
rigidly mounted and doweled in place
so that they may be removed for
inspection or cleaning. The position of
the two rollers on opposite sides of the
film gives a pivoting action of the film
around a point midway between the
two rollers. This tends to maintain the
scanning point on the focal plane
while if both rollers were on the same
side of the film, changes in the stiffness
of the film due to variations in thick-
ness, temperature, or age would throw
it out of the focal plane.

The optical system is shown in the
photograph of Yigure 2 and diagram-
matically in Figure 4. It 1s mounted

Fig. 3—A double-roller sound aperture in the reproducing head maintains the filn at
the focal plaie of the lens wnit
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on a separate base which is secured to
the casting of the head. It has three
major elements. On the left is a colli-
mator lens for focusing the light pass-
ing through the film onto the sensitive
part of the photoelectric cell. In the
middle is the reproducing lens unit for
projecting the reduced image of the
narrow illuminated slit onto the sound
track, and at the right a lens used for
adjusting lamps in the field. The repro-
ducing lens unit consists of an objec-
tive lens at the left, a slit, and at the
right a condensing lens. The slit is on
the optical axis and midway between
the two lenses. [ts opening is accu-

o FILM MAGAZINE
r=

| @,

1

N
\ SIGNALLING
S<DEVICE

rately made the proper width, and its
edges are lapped for smoothness and
parallelism throughout their entire
length.

A sixevolt, nine-ampere, ribbon-
filament lamp is employed, and the
condensing lens, with a magnification
of unity, focuses an image of the fila-
ment on the slit. The objective lens
givesa 115 to 1 reduction which results
in an image in the plane of the film
.085 inch long and .co1 wide. Special
care is taken to insure an image evenly
illuminated throughout its length and
with clearly defined edges.

Two bearings support the lens tube,
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Fig. 4—d lamp adjusting lens and a cross-

line disc in the end of the projector head

permit easy adjustment of the sound lamp
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one of them being slotted to permit
clamping the tube in place. Between
them is a collar which, by an adjusting
screw, allows the tube to be rotated
sufficiently to permit obtaining the
correct azimuth adjustment. Focusing
may be done in the field by a knurled
head on the objective lens mounting
which is then held in
place by a lock nut.

When first set up
the various units are
accurately adjusted
with the aid of single-
frequency films.
When this has been
done, the lamp ad-
justing lens is focused
so that a sharp image
of the lamp filament
is projected on a
ground glass screen
at therear of thelamp
housing. This screen
carries cross lines and
is adjusted so that the
lines correspond with
the center of the pro-
jected image. To ad-
just subsequent
lamps 1t is necessary
only to center the fila-
ment image on these
cross lines. This ar-
rangement also makes
it possibie to tell when
the filament sags and
thuswhen the lamp needs replacement.

The sound lamp is adjustable in all
directions as indicated on Figure 3.
Contrary to normal expectation, ad-
justment of the lamp is not very criti-
cal. An out-of-focus condition in the
horizontal position by as much as 3%
turns of the adjusting screw results n
onlyahalfdblossin volume. Although
the range is not so great for the other
directions, adjustment of the lamp 1s

possible in a comparatively short
time since the width of the lamp fila-
ment 1s 30 times that of the slit.
Projecting through the rear wall of
the sound head, the photoelectric cell
has its terminals adjacent to those of
its coupling transformer which 1s
mounted on springs in a separate

4 1
/ A

VII7774
g:ﬂ/, DAMPED SPRING
PN\Z FILTER

—
= X

00
FLYWHEEL

| DAMPED
SPRINGS

TRANS-
FORMER

~TERMINALS

Fig. s—The coupling transformer for the photoelectric cell 1s
carried on a Spring suppori to decrease the likelihood of

outside interference

housing as shown 1n Figure 5. The
spring suspension insures that extrane-
ous vibrations will not be picked up
by the transformer. ‘
One of the prime requisites for high
quality reproduction is a steady mo-
tion of the film through the light aper-
ture. As an aid in securing this the
sound sprocket has on its outer end a
flywheel driven by a damped spring as
shown in the illustrations. The motor,
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rated at ¥4 H.P. and running at 1200
rpm, also carries a flywheel on the
outer end of its shaft. The uniformity
of rotation of the sound sprocket may
be checked stroboscopically by a
shutter with 36 slots mounted on the
motordriveshaft,and 120 lines equally
spaced around the rim of the flywheel.
Both the slots and lines are accurately
spaced by microscopic measuring de-
vices at the factory. The combined
error in location of the 36 slots is held
to a thousandth of an inch.

The motor is mounted on a plate
dovetailed to the base of the machine,
$0 as to permit its being withdrawn
endwise without necessitating read-
justment. Ilexible couplings are em-
ployed which are rigid torsionally but
allow a certain amount of end play of
the armature without transmitting it

to the head. A switch is located in the
base so that the motor may be shut off
independently of the system when the
film in the magazine has been com-
pletely reproduced.

The extraordinary efforts to obtain
accuracy, although costly, insure that
all machines sent to the field will pro-
vide the high grade of service expected
of them. Excluding the scanning loss,
the frequency response characteristic
of the reproducing system-—from a
modulated light beam falling on the
photoelectric cell to the output termi-
nals—does not vary more than one db
for a frequency range of from 5o to
7000 cycles. Fven at 10,000 cycles the
loss is only 2 db. In addition” the ma-
chine has a volume range of 57 db,
which is greatly in excess of present-
day practice.

E. D. Deery completing glass construction of a photoelectric
cell used in research studies
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Laaboratory For Precision Linear

Measurements

By E. C. ERICKSON
Telephone Apparatus Development

O insure interchangeability

without individual fitting of

the large numbers of telephone
parts, dimensions must be accurately
controlled. Gauges are employed to
determine whether or not the various
parts meet their required dimensions,
so that the dimensions of these gauges
must be known to a higher degree of
accuracy than those of the parts to be
gauged. The instruments by which the
gauges are checked, thevefore, must be
capable of still more precise measure-
ments. If, for example, a certain part
is to be held to an accuracy of .00t
inch, the gauge used to check it should
he accurate to .ocor inch, and the
apparatus used to measure the gauge
must be accurate to .ooootl inch. As a
result there is a need for very accurate

measuring apparatus. This high pre-
cision requires that the temperature of
the gauges to be measured and that
the measuring apparatus be held at
uniform temperature. Consequently
the measuring laboratory is main
tained at a temperature of 68° at all
times by air conditioning equipment
which also removes dust that might
collect on the gauges. The gauges are
allowed to remain in this room until
they have reached this temperature.
It is also important that the measur-
ing apparatus be shielded from build-
ing vibrations. The apparatus is
therefore so located that it is practi-
cally free from such disturbances.
Most linear measurements are of
one or the other of two types. For one,
known as end measurements, contact
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1s made with the ends of the partitself.
A common example is a measurement
made with @ machinist’s micrometer.
IFor the other type, the distance be-
tween two lines or points on the part
15 compared usually  with optical
magnification—with the lines on a
cahibrated scale.

A machine capable of making end
measurements on pieces up to forty
mches long and to a precision of one
hundred-thousandth of an inch is
shown in Figure 1. The part to be
measured is laid on two adjustable
supports, shown in the center, and two
orhermovul)lealttzlchmentsurebrought
m contact with the ends. The one at
the right is adjusted to give a definite
contact pressure as indicated by a
sensitive indicator mounted on the
machime. The one at the left carries
an accurately graduated scale twenty
inches long. Two supports rigidly
fastened to the base of the machine
carry micrometer microscopes  for

reading the scale. The left hand one is
used where the part is longer than
twenty inches and the one on the
right, when it is less. Measurement is
made by first reading the scale through
the microscope when a standard gauge
block of a length close to that of the
part to be measured is in the machine,
and then reading the scale with the
part to be measured put in place of the
gauge block. The difference between
the two readings added to or sub-
tracted from the length of the gauge
block is the correct length.

An instrument for line measure-
ments is the line comparator of [ igure
2. Here the dimensions of one of the
racks used on panel selectors are being
compared with a standard yard. To
measure the distance hetween the
slots on the rack, the two micrometer
microscopes are moved along guides
on the frame of the machine until their
cross-hairs are accurately over two
points on the slots. Then the carriage

Fig. 1—R. 0. Sloan making a precise length determination of a sieel rod
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Fig. 2—Dimensions of a rack used on panel selecrors being. checked
against a standard scale

on which both the rack and the stand-
ard yard is mounted is moved forward
until the lines of the standard may be
observed by the microscope. The dis-
tance between the marks on the rack
can then be determined from the
known values of the scale on the
standard. The standard yard, which
is calibrated by the U. S. Bureau of
Standards from time to time, is of H
form in cross section with scale lines
engravedon the upper side of the cross-
bar of the H. The material is an alloy
with a very accurately known temper-
ature coefhicient.

Another line measuring instrument
of somewhat different type is the star
comparator shown in the headpiece.
This instrument, originally designed
for determining the position of celestial
bodies on astronomical photographs,
but adapted by certain modifications
for our work, carries a microscope on a
sliding carriage moving across the bed

of the machine. The table to which the
part to be measured is clamped may
by moved at right angles to the line
of travel of the microscope and may
also be turned in azimuth. With this
arrangement an area of jc0 square
centimeters may be covered by the
microscope, and points within this
area may be located by either rec-
tangular or polar coordinates. Linear
movements may be read to one mi-
cron-—approximately .00004 inch and
angular ones to one minute of arc. The
flexibility and accuracy of the machine
permit measurements of many com-
plicated parts which would be im-
possible by other methods.

A very useful and convenient instru-
ment with which end measurements
may be made to an accuracy of .ooc01
inch on parts of limited lengths is the
optimeter shown in the photograph on
the title page of this issue. A!rhough
employed chiefly for measuring the
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Fig. 3— Contours of small parts may be quicklv and accu-
rately wmeasured by a contour projector

thickness of rhin sheets of materials, it
may be used for measuring parts up to
three inches long by the aid of supple-
mentary gauge blocks. The sheet or
part to be measured is laid on a grid-
like base plate, designed to minimize
the effect of dust particles on the
measurements, which constitutes the
lower measuring surface. The upper
surfaceis a small ball-point feeler with
a total possible movement of five
thousandths of an inch above or below
a zero position. Its travel is optically
magnified 780 times and read on an
Mluminated scale. When the sheet or
part to be measured is more than a
hundredth of an inch thick, gauge
blocks are used and the reading of the
mstrument is added to or subtracted
from the thickness of the gauge block

to obtain the correct
measurement.

The large variety of
parts used in telephone
apparatus,each having
1ts own characteristic
shape, has required
a considerable amount
of contour measuring.
A certain amount of
this work can be done
on the star comparator
as described above but
considerable work is
required in  plotting
the points measured
when this method is
used. A method of
optical projection was
therefore developed.
Ordinary  commercial
lenses were found to
produce too much
spherical  aberration
to project undistorted
images so that it was
necessary to obtain a
large number of lenses
from various optical suppliers and
then, after careful inspection, to
select the most perfect. Those selected
were employed 1n a commercial screw-
thread projector that was adapted for
the purpose as shown in Iigure 3.

The part may be observed and
measured directly on the screen, or
permanent and accurate records may
be made by a method developed in the
laboratory. A transparent screen with
ruled coordinates is placed in front of
and in contact with a sheet of photo-
graphic paper, and the image of the
part is projected upon the screen.
Lines on the screen are spaced so as to
give a convenient measuring scale at
the magnification used, and the lines
are printed on the paper along with
the contour of the object. These coor-
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dinate lines not only aid in locating
points on the printed images but since
all photographic paper shrinks on
development no errors are mtroduced
here since the coordinate spacing
shrinks with the paper and the printed
image. In the illustration shown the
tiny connection screw used in tele-
phone plugs is being projected at a
magnification of 100 rimes. The heavy
Jines on the screen are an inch apart
and the finer lines between them—not
visible in the photograph-—are spaced
a tenth of an inch apart so that the
distance between adjacent lines repre-
sents a thousandth of an inch on the
actual part. With this instrument di-
mensions may readily be measured or
wear studies made at a fraction of the
cost of previous contour measuring
methods. A permanent record is also
obtained which may be used for
reference.

For measurements of very small
lengths or small changes in lengths
interferometers are used. With them
the standard of length is a selected
wave length of light. Since there was
no commercial instrument of proper
capacity available, the large field
interferometer of Figure 4 —with a
field approximately three inches 1n
diameter—was developed by the Lab-
oratories for measuring variations in
flatness or parallelism of lapped and
polished surfaces such, for example,
as the back plate of a condenser trans-
mitter. For this purpose an optical
wedge is formed between the surface
of the back plate of the condenser
transmitter and the flat surface of a
quartz disc, known as an optical flat,
placed on top of it. Interference
fringes are produced as a result, and
their formation and spacing permits
an accurate determination of varia-
tions in the surface of the microphone
plate. Measurements are readily ob-

tained in this way to .coooo§ inch.

Another type of interferometer, also
developed in the Laboratories, is
shown schematically in Figure 5. It 1s
intended primarily for observing very
small changes in length, such as those
caused by temperature changes, and is
called a micro-interferometer because
the fringes are observed through a
microscope. In principle it compares
the changes in length of a specimen X
with that of a standard material, S,
whose temperature coefficient is small
and definitely known. An optical flat
rests on two supports of S at one end
and on the specimen to be measured
at the other. The latter is a little
higher or lower than S so that an opti-
cal wedge is formed between the flat
and the lapped surface of S, which pro-
duces fringes when illuminated with a
mercury arc. A change in the angle of

Fig. 4—Flatness of the back plate of a con-
denser transmilier being measured on a
large field interferometer
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the wedge corresponding to 1/10 of a
fringe, equivalent to .cooool inch,
is detectable.

The apparatus is mounted in a com-
partment surrounded with water the

the standard and thus opens or closes
the wedge. This causes a change in the
number of the fringes which can be
measured by the micrometer micro-
scope used for observing.

The instruments
described above are
only the more com-

monly used of the
many that are avail-
able. These instru-
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Fig. 5— Schematic arrangement of micro-interferometer used
Jor deteymining temperature cocfficients of expansion

temperature of which is accurately
controlled. As the temperature is
changed the length of the specimen, if
its temperature coefficient is different
from that of the standard material,
changes at a rate different from that of

F -~ QUARTZ OPTICAL FLAT
L = MERCURY ARC LAMP EMITTING
MONOCHROMIC LIGHT OF
0.00002|5" WAVE LENGTH
M= MICROMETER MICROSCOPE
O- OPTICAL WEDGE
P - TOTAL REFLECTING PRISM
R- MOTOR
S = STOIC METAL{LINEAR CO-
EFFICIENT OF EXPANSION
PER DEGREE C. EQUAL
13X 10~

X — SPECIMEN BEING MEASURED

ments were selected
for their flexibility as
well as for particular
uses and as a result
are conveniently em-
ployed for solving
many measuring
problems. New in-
struments must fre-
quently be devised,
since commercial
means are often not
available. Developments in the me-
chanical arts at Bell Telephone Labo-
ratories, as is true of those in the
electrical art, require continuous im-
provement in the methods and tech-
nique of measurement.
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RN DI

Testing For Magnetic Characteristics

By B. E. STEVENS
Telephone Apparatus Development

AGNETIC materials are
used in hundreds of thous-
ands of relays, transformers,
loading coils and in numerous other
instances in the Bell System wherever
communication functions are per-
formed by magnetic flux. In our lab-
oratories an extensive research and
development program is carried on to
discover the chemical compositions,
heat treatments, electrical and me-
chanical characteristics contributing
to the most efficient performance of
the materials. Corollary to these in-
vestigations are the comprehensive
tests made on magnetic materials to
discover their behavior under a wide
variety of conditions.®
The most common and probably the
most useful information obtained is
that of the B-H, or magnetization,
curve. This curve is made by plotting
the magnetic flux density against mag-
netizing force. When the core of a coil
is a non-magnetic material the mag-
netic flux produced by a current in a
winding is proportional to the magne-
tizing force. But in magnetic cores the
flux is not a linear function of the
magnetizing force. Not only this but
the magnetic flux lags in responding to
reverse changes of magnetizing force
and gives rise to what is known as
hysteresis.
The B-H test determines primarily
that quality which makes a magnetic
material suitable as a carrier of mag-

*Ber. LABORATORIES RECORD, January, 1927,
p. 171

netic flux. This particular quality is
called its permealility. It i1s usually
expressed by the ratio B/H which may
be interpreted as the ratio of the mag-
netic flux density in a magnetic ma-
terial to the flux density that would
exist in the space if the material were
not present. For instance, a material
which conducts magnetic flux one
thousand times better than air is said
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Fig. 1—Typical B-H curve and Sfour as-

sociated hysteresis loops. Note value of
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magnetize the material (coercive Jforce); and

value indicating magnetisin remaining when

the magnetizing force is reduced to 2zero
(residual induction)
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to have a permeability of one thou-
sand.

The B-H characteristic of a material
determines largely the particular use
for which that material is destined.
For instance, if it has relatively high
permeability at low values of flux den-
sity but relatively low permeability at
high flux density, the material can
most likely be used best in audio or
carrier frequency apparatus. If the
converse is true, the material is most
suitable for apparatus such as relays
and electro-magnets.

Among several methods devised for
obraining the B-H characteristics, the
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Fig. oA group of four hysteresis loops for

perminvar showing some unigue features

when compared to typical hysteresis loops
of Figure 1

ballistic method is the most widely
used. The apparatus consists of a gal-
vanometer connected in series with an
exploring winding on the sample. As
the exciting current is changed through
the magnetizing winding, the change
in magnetic flux is indicated by pro-

portional deflections of the galvanom-
eter. By making a series of small
changes in the exciting current and
recording the corresponding galva-
nometer deflections, the B-H curve
may be plotted. There have been re
cently developed two devices that
make possible photographic tracing of
B-H curves and hysteresis loops with
comparatively slight effort and much
saving of time. These are the Magne-
tization Curve Tracer ™, described by
I. E. Haworth in the Recorp, and
the Ballistic Hysteresigraph®@, de-
tailed by H. C. Lehde in the Review of
Scientific Instruments.

In conjunction with the B-H test
two other tests are usually made.
These are the tests for residual induc-
tion and coercive force. Residual induc-
tion is the magnetic induction which
remains in a magnetic material when
the magnetizing force has been reduced
tozero. Inapparatus wherea magnetic
circuit is composed entirely of a mag-
netic material, the hysteresis loss
depends considerably upon the magni-
tude of the residual induction. A higher
loss results in a material with high
residual induction than where the re-
sidual induction is low, other things
rematning unchanged. In good per-
manent-magnet materials a high re-
sidual induction usually indicates that
a comparatively large amount of flux
will be available when the actual mag-
net is properly made. The test for re-
sidual induction is made by noting the
deflection of the galvanometer in the
B-H test when the magnetizing force
ts reduced to zero. This deflection
multiplied by proper constants will
give the value of residual induction in
terms of flux density.

Coercive force 1s defined as the
reversed magnetizing force required to
remove the residual induction. The

W December, 1930; 2 Fanuary, 1931,
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Fig. 3—Magnetizing a loudspeaker magnet
between poles of electromagnel

test for coercive force is made by in-
creasing the current