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The water-cooled mercury lamp is a light source of great intensity, and is therefore suitable

for the projection of films. Compared with the carbon ar¢ the mercury lamp has the
advantage of smaller dimensions and of much less heat development. Moreover it is free

of certain dlsadvantanes connected with the use of the carbon arc, such as the change of
position and size of the crater, and the sputtering of small partlcles The employment of . |
the water-cooled mercury lamp has made it possible to construct a very compact apparatus

for the reproduction of films. The apparatus is described in this article. Special attention

is paid to the factors which are important in the construction of an illumination objective

for water-cooled mercury lamps -

Introduection

The high ‘intensity of illumination of the film
which is necessary for cinema projection requires

a very intense light source. It was therefore to be .
expected that the light source would be used for .

this purpose which had. the greatest bi'ightness

known, namely the carbon arc. This light source,
The .

crater changes in shape and size,” and, moreover,’

however, has various technical objections.

tlny part1cle= are thrown out of the arc, which soon
" cause a decrease in the’ 1eﬂect1ng power of the
.condensing mirror. : :

These objections have led to the attempt to
replace the arc lamp by an electric filament lamp.
_ With the increasing size of the cinema theatres it

“ was, however, found 1mp0551b1e to satisfy the also

increasing demands of the public as to brightness
of the picture. The following calculations may serve

" to deﬁne the requirements made of a light source
" for filin projection. '

In fig. 1 the ordinary alrangement for "film

' f)IOJectlon is given. O is the area of the source of

light with the brightness B.. By means of this light -

source and a condenser, for which a mirror-is often

-used, the film window G with the area g is uniformly
- illuminated. -We assume that the condenser has
such a large aperture that the objective is com-
pletely filled by the beam which passes thlough
every point of the surface of the film. The maximum
angle of radiation w is therefore dete1m1ned by
‘the . dperture of the ob_]ectlve

e -

Fig. 1 Ordinary arrangement for ﬁlm pro_]ectlon 0 light
source, S reflector, G film window, L prOJectwn lens.”

According to a well-known theorem of geometri-
cal optics, in an ideal optical system, without ab-
sorption or scattering, the brightness of every
cross section of the beam, observed in the direc-
tion of the path of the rays, is the same as that
of the source of light. By applying this theorem
to the surface g in fig. 1 we find for the light ﬁux @
through the p] ojection lens P: '

(D=Kngcsm2w,‘ N (1)

v

whele K < 1 and is a factor which accounts f01
the losses by absorption and reflection.
The surface g of the film window is fixed, it

* measures 1.57 X 2.02 cm = 3.17 sq.cm. The
'maximum angle of radiation is determined, as men-
‘tioned above, by ‘the’ relative aperture!) of the
‘projection obJectlve. For an objective with the

relative aperture 1 : 2, w = 14° sin® w = 0.0585.
The efficiency factor K, roughly estimated, is /2, .
and becomes 1/, due to the cutting off of light by
the rotating  sector. .

When these values are substltuted we obtaln

@ —1/, 317 =~ 0:0585 - B=0146B- (2)

The greatest‘ brightness which can be pbtamed ‘v o
with ‘a filament lamp for projection is about
4000 c.p./sq;cm; with this one should therefore be .
able to obtain a light flux of 580 Im of the screen, -
accordlng to equation (2). '

Actually this value is reduced by, abenatlon )
defects of the condenser, which' must have a very
great relative aperture, by the action of shadows
from the fixtures in the path of the rays, by scat- -
tering of the light at boundary surfaces, etc.,so-
that in practice the light flux is not much more

. than\about 400 lm.

In the case of transpouablc installations and

1) ‘The relative aperture indicates the ratio of the effective

diameter (d1aphragm opening) to the focal léngth of the
lens. ) -
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a few square metres, this light flux is sufficierit; in
 large cinemas, on the' other- hand, the required
light flux may be five to ten times the above: value.
~If a screen surface of 30 sq.m. is taken and an in-
. tensity of 1]lum1nat10n of 100 lx, the requued hght
flux is 3000 Im.

has been sought with a greater surface brightness
than a filament lamp and easier to operate than
the usual carbon arc. = -

" Such a light source was discovered several years

-+ago in the water-cooled mercury lamp, which,
easily matches the carbon arc and even the so-.'
This
- light source has none’of the above-mentioned dis- -
':advanta“ges and has moreover the advantage .of -

called “high-irtensity” arc in brlghtness

developing much less heat than the carbon arc.
Because of the necessity of water coohng, and
because of the linear form of the light source, new

problems were presented which made it necessary -
.- to conslder anew the construction of the illumin-

ation obJectlve. On the other hand the small dimen-
sions of the mércury lamp and its slight heat devel-
opment offered new /possibilities for the construc-
- tion of the whole pr0]ector These considerations
~have led to the construction-of an entirely new
installation for film reproduction which makes full
use of the advantages offered by the water-cooled
mercury lamp. . - :

" The most important parts of this 1nstallat10n
- will be dealt with in the following.

The hght source

] A

The propertles of dlschalges in mercury vapour

ata high pressure have been dealt with repeatedly
in this périodical 2). It has been found that the ~

efficiency .of this light source:increases steadily
with the energy supplied per unit of length of the
column. Tor that reason the mercury discharge

is economically very suitable as a light source of-
. high intensity. To obtain such a source it is neces-

.sary to develop a large amount of light within a
small space, and thls is a way of promoting the
efficiency. - N

‘A large supply of energy per unit of length of

‘the column means a high value of the product of
potential gradlent (volt/cm) and current. Since
.too high a curlent is undesired (because of cathode
losses) provision must be made for'a high value

- of the potential gradrent and this is possible by

keeping the diameter of the discharge tube small.

2) (Cf. also the artlcle Water-cooled Mercury Lamps, Phlhps

o techn. Rev. 2, 165, 1937,

small c1nemas, where the area of the screen is only
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On this prlnc1ple, short tlnn dlscharge tubes are

obtained, which dlsslpate a large amount of energy. -

The increase of temperatuie ‘and internal : super-

pressure are pushed as far as the tube can stand. <’
The mercury lamp for film projection d1ss1pates'

an energy of 1000 W over a length of 12.5 mm. -
: : " between’ the electrodes. It has an internal diameter
It is therefore undelstandable that a hght source

of 1.8 mm and an external diameter of 4 mm. The

walls are of quartz and are cooled with water. Two .

tungsten wires led in through the ends of the tube’ s
. serve_as, “electrodes. In additior to a small amount
" of mercury the tube contains an inert gas filling of

low pressure. This inert gas is necessary for 1gn1t10nv '
- For -use in film projection the tube must be

fed with direct current A transformer and a rectifier - -
are used for this purpose. The most 1mportant data - "

are glven in’ the table below

~

. Tabled

‘Data of the water-cooled mercury lamp
Length of the discharge 12. 5 mm’

" Intérnal diameter ’ 1.8 min "
External diameter . o 4 mm
Pressure of thé mercury vapour 1000 Atm,
Power érnercury lamp- ° 1000 W.

"7 % ( transformer 4 rectifier ) 500 W
Cwrrent . o T2 A

" Working Voltage . o T 500 V

. Ignition voltage .. 800 V
Light flux : 60000 Im
Surface brightness in the axis of ;' E . .

the discharge’ 57 000 c.p./sq.cm. '
Efficiency 60 Im/W

The opﬁeal system

The ex1st1ng systems for prctu1e pro]ectlon can
be divided into two groups:
a) the film projection system;
b) the lantern slide system.

Both systems consist of a light source, a con- :

- denser which concentrates the light svadiated on

the d1ap0s1t1ve, and a projection lens which gives
the image of the illuminated diapositive on the

" screen. There are, however, fundamental diﬂ'erences
‘between the two systems in dimensions and in ar-

rangement of the parts.

The requirements made in the projection of films
and of lantern slides are to a certain extent opposite
to each other. With films one is concerned with

'very small surfaces and very hlgh light intensities,

and therefore with a very great heat development
in the neighbourhood of film and light source.
This makes it impossible- to have the condenser

- and the othe1 parts of the optlcal system too




small, or to place them too close to the light source.
A scheme of construction is therefore chosen in
‘which the lenses. and mirrors have reasonably
.large dimensions and are reasonably far away from
the light source, and the film, window i$ placed at
the point where the beam, emitted from the light
source and concentrated by the condenser, has the
"smallest diameter. This is about the point where an
image of the light source is formed by tlle con-
~-denser (see fig. 2a).
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Flg 2. Two systems of projection: .

ay The ordinary system for film projection. The film is situated "
about at the spot where the llght source O is focussed by
the condénser C.

b) The wusual system for the pro;ectmn of lantern slides.”

-The slide is directly behind the condenser. With the same
size of diapositive the arrangement b permits a much more
. compact construction than the arrangement a.

In the projection of much larger lantern slides
the required light flux can be attained with a much
~ lower intensity of i]lu'minajcion of the slide, than is
necessary in film projection. The heat development
is not so great that minimum dimensions must be
prescribed for the system, and in order to save
space the condenser is made as small as possible.
With respect to the position of the slide ‘this means
that the narrowest part of the beam is no longer
chosen, but on the contrary, exactly the place

where the beam has its greatest diameter, i.e. im-

E ‘mediately behind the condenser (see fig. 2b).

A further"_very important advantage of this- .

" arrangement is, that it is much easier to obtain a
uniform illumination of the object to be projected

‘than with the arrangement for film projection. In -

the arrangement for film projection the light source
is focussed on the film and the distribution of
brightness over the film therefore more or less
corresponds to the distribution’ of brightness over
the surface of the light source. This latter must
therefore be uniform over a sufﬁ01ent1y large part’
of its area having the shape of the film window. In
the arrangement for ‘the projection of lantern slides
no such strict requirements are made as to size and
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Summarizing, we may say that the arrangement
according to fig. 2a has the advantage of permitting
a much greater hcat development than that-ac-
cording to fig. 2b. On the other hand it has the
disadvantage that very definite requirements are
made as to form and brightness distribution of
the light source. ‘

If, instead of a filament lamp or an arc lamp,

a mercury lamp is used, then because of the water- .’
cooling the heat development is of no importance.

" The advantage of the arrangement of ﬁg 2a there-

fore loses its importance. The disadvantages of this
arrangement now become very evident. Since the.

'radlatmg column has a pronounced oblong shape

(1 cm by 1 mm wide) it is difficult to focus it on

. the film window in such a way that the latter 1s

uniformly illuminated.

The arrangement ordinarily used for lantern
slides, that of fig. 2b, is therefore much more satis-
factory for mercury lamps, and actually forms the

basis of the constructlon of the new 1nsta11at10n for :
“film reproduction.

Fig. 3 gives a cross section and view from above .

- of the optical system.

The mercury lamp I is in a metal boat which’
is shown separately in ﬁg. 4. This boat is placed
in a tube (see fig. 5) through which the cooling
water flows. The boat is closed by.a plane glass 2.
In- front of this is a planoconvex lens 3 which
receives the light from the mercury lamp over an
angle of divergence of about 90°. - * :

This lens has a relatively small refraction because
one surface is bounded by water instead of air. -
Therefore a second condenser lens (4) must be
used. Between the two lenses (3 and 4) space is left .

for the rotating sector.

The light which the lamp émits in the backward
dll'eCthI} is directed forward by a cylindrical mirror 5.

2

Fig. 3. Cross section of the optical.system for the illumination
of the film by means of a water-cooled mercury lamp. I mercury
lamp, 2 glass plate, 3 and 4 lenses of the condenser, 5 rear.

: (hstnbutlon of bnghtness of the radlatmg surface ~ mirror,

¥
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It is desirable to concentrate as much light as
possible in the neighbourhood of the light source.
A certain lateral deviation is, however, necessary
because, due to the strong refraction of the quartz,

l -

23;5 6‘2’{

Fig. 4. The boat with the mercury lamp. The numbers give
the chief dimensions in mm. The projecting pin on the right
is one of the electrical connections, the other is formed by
the container of the boat. The cooling-water flows in on the
left and out through a hole in the rear wall. The boat is closed
by a glass plate.

it is impossible to send light through the free space
between the constricted discharge and the inner
wall of the mercury tube.

The action of the rear mirror may be seen in
Sfig. 6. 1f the path of the rays is examined in a trans-
verse cross section, four images are seen to appear
beside the discharge, which together form a lighted
surface about 8 mm wide. In the longitudinal cross
section there is no focussing, but this is unnecessary
because, due to the oblong form of the source, the
beams have a sufficiently great angle of divergence
in the longitudinal cross section.

The direct and reflected light of the mercury
lamp must now be used to illuminate the film
uniformly. A gradual variation of brightness, namely
a decay of brightness toward the edges of the film,
is by itself not a great objection since the eye is
also only slightly sensitive to differences in bright-

Fig. 5. The tube which contains the boat for the mercury lamp. The
boat is slid in from the right and fixed in position with a hollow screw
in such a way that the flange forms a watertight closing. Afterwards
the large cover is set on the tube from the right. The electrical contact
is first made through this cover between the positive terminal of the
supply voltage and the pin of the boat. During assembly or demounting,

therefore, the lamp can never be under tension.
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ness. The eye is, however, very sensitive to small
changes in the spectral composition of the light.
Since the condenser is not completely achromatic,
so that the light of the blue mercury line is dis-
tributed over the film in a somewhat different way
from the green mercury line, very disturbing
colour differences might occur if there were a slight
irregularity in the illumination of the film.

When such differences in colour are observed, it has
been found sufficient to place a frosted glass plate
between the source and the condenser. The spreading
of the light by this plate is only slight. because it is
immersed in water, i.e. in a medium with practically
the same index of refraction. Nevertheless this
scattering is enough to make the illumination

of the film absolutely uniform.

29963

Fig. 6. The action of the rear mirror. In the transverse cross
section of the light source four images of the radiating column
appear beside the source, so that directly in front of the
condenser a high concentration of light is attained.

Light production and colour

The light flux which is directed on the screen

is practically the same as that of a carbon arc of
45 A, and, with the sector rotating and without
film, it is about 2 500 lumens. The light is bluish-
white in colour and resembles that of the so-called
“high-intensity” arc.
The spectrum of the light of the mercury
lamp is, as is well known, not continuous,
but consists of a number of lines, chiefly
a green one, a yellow one and several blue
ones. However, thanks to the high pressure
to which the mercury vapour is subjected,
a continuous background %) appears be-
tween the lines, so that with increasing
loading of the mercury lamp the spectrum
begins more and more to resemble that of
an incandescent body.

The spectral composition is of particular
importance when colour films are shown.
In that case it is not enmough to require

3) In this connection see the articles: Comparison
between discharge phenomena in sodium and
mercury vapour lamps, Philips techn. Rev. 1,
2, 1936, The Mercury Vapour Lamp HP 300,
Philips techn. Rev. 1, 129, 1936; Watercooled
Mercury Lamps, Philips techn. Rev. 2, 165, 1937.



Fig. 7. The Philips double film reproduction installation FP2. It consists of
two projectors one above the other. The lower cabinet contains the ampli-
fiers, the supply apparatus and the cabin loud speaker. The two projectors
are housed together with the necessary arrangements for sound scanning;
behind each projector there are two film drums.

Table II
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that the light source should be “white”’,
but the additional requirement must
be made that the light must have about
the same relative distribution in the
various wave length regions as daylight.

In table II the distribution is in-

dicated of the light flux of the mercury
lamp for cinema projection over dif-
ferent sections of the wave length
scale, and compared with that of
various other sources of white light.
The choice of the sections is adapted
to the properties of the eye ) in a way
which was discussed previously in
this periodical.
It may be seen from the table that
the radiation of the mercury lamp is
quite similar to that of daylight in the
middle sections (3 to 6). In the blue
sections 1 and 2 the intensity is about
twice as high. This excess of light can
be absorbed by a yellow filter. The
highest relative deviations appear, how-
ever, in the red sections 7 and 8 where
the intensity of the mercury lamp
is only /5 of that of daylight.

The intensity of the red radiation
can be increased by using red-trans-
mitting sectors instead of opaque ones
in the rotating sector disk. A further
increase of the intensity in the red
is possible by increasing the specific
loading of the mercury lamp.

4) See the articles: Colour Reproduction in the

Use of Different Sources of ““White” Light,
Philips techn. Rev. 2, 1, 1937.

Relative light flux (9, of the total light flux) which is radiated in different sections of the wave length scale.

Section (A) | 4000- 4200- 4400-  1600-
4 200 4400 | 4600 5 100

\

Y] @) (3) @)

Light source

Electric lamp 0.005 0.058 0.25 5.4
Carbon arc 0.013 0.116 0.43 74
Sunlight 0.016 0.175 0.64 9.2
Daylight 0.025 0.26 0.91 11.1
High intensity arc 0.050 0.27 0.97 10.2
Fgh ymeante, Bereny el | 1042 0.53 0.87 4.6

for film projection

More highly loaded mercury
lamp with red secltor and

yellow filter 0.03 - 04 0.9 4.4

5160« 5 600 - 6100 - 6 600 -
5 600 6100 6 600 7200

(5) (6) Q) (8)

33.5 42.7 16.6 1.54
37.3 40.0 156 113
39.3 38.2 116 0.91
40.8 36.2 9.9 0.73
43.7 33.2 10.6 0.94
52.6 37.6 3.4 0.25

50 37 6.8 0.5
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ixperiments have shown that upon ap-
plication of these measures a satisfactory
colour reproduction is possible. The last line
in Table II gives the spectral distribution
of a mercury lamp with increased load pro-
vided with a red rotating sector and a
yellow filter.

The energy consumed by the mercury
lamp (with rectifier) is 1.5 kW. In the case
of a carbon arc of 45A the total consumption
is about 3 kW so that a saving of 50 per cent
is achieved. Because of this the heat develop-
ment of the mercury lamp is much less, and
moreover about 90 per cent of the heat
radiation is removed by the cooling water.

Fig. 8. Rear view of the film reproduction installations
(opened). In the middle of either cabinet is the motor
for moving the film. To the left of the motor the pro-
jection arrangement may be seen mounted in a ring.
Behind the motor are the two tubes which conduct
the cooling water to the jacket of the mercury lamp.
The screened cable may ualso be seen which conneets
the photocell for sound scanning to the photocell
amplifier in the upper left-hand corner of each projec-
tion cabinet.

Fig. 9. The projection arrangement for lantern slides,
mounted on the back of the upper projector cabinet. It
consists of two light sources (mercury lamp, extreme
right), each with its condenser and projection lens
(to the left, movable along the bars). The two systems
work alternately. Upon changing from one slide to
another the beam of light of one system is gradually
cut off by a lever switch (on the middle bar) with the
help of a diaphragm set up behind each objective, while
at the same time the heam of the other system is raised
to full strength.

S}

Fig. 8

Fig. 9




8 PHILIPS TECHNICAL REVIEW

The arrangement of the whole installation

Following the foregoing explanation of the optical
system we shall consider the installation for film
reproduction as a whole. Fig. 7 is a photograph of
the apparatus. The compact structure which was
made possible by the very small dimensions of the
light source is immediately striking.

The lamp forms as it were a unit with the film
window. At the spot where the arc lamp ordinarily

Vol. 4, No. 1

In each of the projector cabinets there is the
optical system with the necessary water-cooling,
and further the scanning apparatus for the sound
track with the first stage of the necessary ampli-
fication. In the cabinet also is the mechanical ar-
rangement for moving the film across the optical
system and the “sound head”.

In the cabinet below are the amplifiers and the
supply apparatus. Fig. 8 is a photograph of the

Fig. 10. Front and rear side of the projector. The whole
mechanism (mercury lamp and lenses) can be moved in a
vertical direction by means of the knob with the white line.
In this way the position of the film window can be so adjusted.
that in the positions of rest of the rotating sector it corresponds
exactly with the position of one film picture (framing). The
knob in the middle of the figure is that of a revolving head
which contains two mercury lamps. By giving this knob a
half turn the lamps can be interchanged. At the same time
the connections for electric current and cooling water are
switched over to the lamp put into use. The knob in the upper
left-hand corner serves to switch on the apparatus. The swi-
tching on takes place in four steps:

1) Switching on of motor and primary winding of trans-
former.

stands are the film drums. This arrangement has
made it possible to mount one above the other
the two projectors which are necessary in order to
be able to change the reels of film without inter-
rupting the performance. This means a great saving
of space.

In order to align the projectors in the vertical
plane they are mounted in a ring as may be seen
in the photograph so that they can be turned
about a horizontal axis. In the horizontal plane
the projector cabinet which contains the ring can
itself be turned a few degrees.

2) Motor brought up to normal number of revolutions.

3) Ignition of the lamp.

4) Current in lamp raised to normal working strength.
The lamp current can be rcad off from the ammeter. In the
lower left-hand corner is the system for sound scanning. Below
to the extreme left is the exciter lamp. Diagonally upward
follow: a condenser, a slit, a reversed microscope lens
which focusses a reduced image of the slit on the sound track,
and a photocell contained in the grey box. In the photograph
of the rear side may be seen the heavy fly-wheel which serves
to keep the motion of the film through the sound-scanning
apparatus absolutely uniform. To the left of the ly-wheel is
the rotating sector inside the square container. The rotating
sector turns in oil which is kept clean by means of magnetic
filters. The magnetic filter has been described previously in this
periodical (see Philips techn. Rev. 2, 297, 1937).

apparatus taken from the rear. The covers of the
cabinets have been removed so that the interior
may be seen.

On the cover of the upper projector cabinet the
arrangement for projecting lantern slides is mounted
(see fig. 9). Here also mercury lamps of the type
described in this article are used. Fig. 10 gives
pictures of several details of the mechanism of
the projector, which are described in more detail
in the text under the figure.

Compiled by G. HELLER.
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OVERHEAD WELDING
by J. SACK.

621.791.052

In this article a study is made of the forces acting during the transfer of weld metal from
the welding rod to the piece of work in overhead welding. In this case the transfer of
welding material is opposed by the weight of the drops, the kinetic pressure of the electrons

in the arc and the electrodynamic forces on the charged drops due to the convergence
of the current lines of force at the crater. On the other hand the transfer is promoted by

capillary forces, electrodynamic forces due to the constriction of the liquid metal as the
drops leave the rod and explosive forces. From an estimation of these forces it is clear

that overhead welding is possible, as experience has in any case proved.

Introduction

In arc welding use is made of welding rods which
are melted by the heat developed by an electric
arc between welding rod and piece of work. Welding
is usually done in such a position that the piece of
work is below the welding rod, this is called
horizontal welding. But it is sometimes neces-
sary to carry out the welding operation from below,
on the under side of the object to be weldad. The
operator must of course stand in such a position
that he can easily see the arc and the pool (the
area of molten metal on the article being -welded).
The work is then above his head, and the process
is called overhead welding. Experience has
shown that this work can easily be performed with
suitable welding rods such as the type PH 50.

It is known that the metal is transferred from the
welding rod to the weld in the form of larger or
smaller drops!), which, in the case of overhead
welding, means that the force of gravity is overcome.
In overhead welding it is clear that there are other

1) J. Sack, Philips techn. Rev. 2,129, 1937.

forces besides that of gravity acting on the drops,
and the question naturally arises as to the nature
of these forces. The explanations which have been
proposed are vague or inadequate. Only with the
help of X-ray cinematography ?) have we been
successful in obtaining a clear picture of what
occurs in overhead welding.

A survey and an estimation of the intensity of
the forces which act during the formation and
transfer of a drop are given b:low. Som= of thzse
forces oppose the transfer of drops and will be
callodd opposing forces. They must be overcome
by the forczs which we shall call the propelling
forces.

Opposing forces
Force of gravity
The weight of the drops can be determined by

moving the rod in such a way that the drops fall
separately and can be weighed. For the sake of

2) J. Sack, Philips techn. Rev. 1, 26, 1936.



10

simplicity this is donc in horizontal welding.

Separate drops are obtained by moving the weld-
ing rod sufficiently rapidly over the work (a flat
plate for example) 2). If a welding rod with an iron
core is used — and we shall deal dnly with that
kind in this article — and a plate not of iron but
of copper, the drops do not stick to the plate, but
‘can be removed and weighéd. '

"Fig. 1. shows graphically the result of this ex-
periment. It may be seen from the graph that 2.3 g
‘of the rod were melted into drops whose weight
varied from 120 to 140 mg. As average weight is

taken the weight determined by the abscissa of .

the densest part of the diagram, and in the case
of fig. 1 this is: o
' G = 148 mg

- In table I are given the average weight‘s together
with the average dimensions of drops obtained with
welding rods of the types PH-50 and PH-48 having
different core diameters d. Type PH-50, with an
inorganic’ coating, gives a drop with an average
diameter of 0.7 d. This drop is considerably smaller
than that of type PH-48 with a partially organic

: | 29869
g
300
- PH48 ¢4mm —1
T =143 A 1
20
)
7
40 L 277
7/
/{ 7]
GG/
GHY 17
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j? N i)
7 ,
0 i n '
0 - 100 200 400m_q

300

. G :

Fig. 1. Graph showing the size of the drops in welding. The .

ordinate shows how much material (in grams) was transferred
in the form of drops of a welght given by the correspondmg
interval on the abscissa axis. . .. . | -
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c'oati'ng,‘ which gave an average.diameter of drop
of 0.9 d. A difference in size of drop is manifested

in a difference in welding properties, and the oper-

Table I
TveEl o | 9 | G | d | Y
mm amp mg mm
P 5 220|150 | 33 |0,66
55" 5 | 190|190 | 36 |072 0.69
3116 | 50 | 23 (071 |’
3la | 116 | 40 | 215 | 0,66
2 22" | 1,75 | 0,70
4 | 111|196 | 3,6 | 090
':g 4 (131|214 | 37 (093|089
4 | 143 | 148 | 33 | 0,83
29874
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ator will immediately classify the welding rod
PH-48 as a coarse-drop-rod, and the rod PH-50
as a fine-drop or “spraying” rod. In overhead
welding it is important to have the weight of the
drop small; in this respect a rod of the type PH-50
is to be preferred. ‘

Other opposing forces .

In order to find out whether other forces besides
that of gravity act on the drop, the action of
gravity may be excluded by welding on a vertical
plate with the rod held in a horizontal position.
It is then observed that when the arc burns, and
before any drops are transferred, there is a force
acting which pushes the welding rod away from
the plate and whlch is dependent upon the current
strength

The value of this force may vary somewhat for
different types of welding rods, and it sometimes '
also depends -upon the polarity. Under normal
working conditions the force is about 1 g for welding .
rods of 4 mm and about 2 g for those of 6 mm, thus
many times greater than the weight of the drop.
The, relation between this pressure force and the
current may be replesented approx1matel*y by the
equation:

K = 0.05 I? (dyne)

. where I is the current in amperes 3).
The pressure force on the liquid drop of the wel-
ding rod forms a depi'ession in the drop which is al-

- 3) This formula is deduced from measurements by’ F.
Nieburg, Elektroschweifung 9, 101, 127, 1938. Similar,
somewhat less accurate, results were obtained previously
by F. Creedy, R. O. Lerch, P. W, Seal, and G. P.
Gordon, A.LEE. Paper No. 32 - 41, Abstract Electr.

* Eng. 51, 49, 1932, Both estimations referred only to the
force of pressure several seconds or fractions of seconds
after the ignition of the are. The varntlons in the force
during welding were not determined. .
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ways observed in X-ray cinematographic pictures
(see for instance fig. 2c).

b)
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Fig. 2. X-ray cinematographic film (50 pictures per sec) of
the drop in overhead welding. The stretchedout form of the
drop in picture a and the depression on the top of the drop in ¢
should be noticed especially.

The present state of knowledge about the welding
arc is inadequate to give perfect insight into the
causes of this opposing force. Physicists are most
interested in what happens at the cathode of the
discharge, and the pressure has been theoretically
examined at the cathode ). From the calculation
it is found that the repelling force may be mainly
ascribed to the bombardment of the cathode by
positive ions. If n is the number of ions (or electrons)
per unit volume of the column of the are, the pres-
sure of the ions on the cathode is

p=nkT, - - - olig (1)

where T is the absolute temperature of the elec-
trons and k is Boltzmann’s constant.

In the welding arc the temperature of the elec-
trons as well as that of the ions is about 6 000 °K,
while the concentration of electrons may he estim-
ated at n 28
metre 9).

101 electrons per cubic centi-
Using these values in equation (1) a
pressure is obtained of p

17000 dynes/sq.cm.

The size of the cathode spot on which the pressure

1) L. Tonks, Phys. Rev. 46, 278, 1934,

) This estimation is based on the assumption that there
exists an ionization equilibrium between the electrons and
the iron vapour in the arc. The degree of ionization « of
the iron can be calculated by means of Saha’s formula
which is as follows:

@P 5000 ¥;
e = F—+ 211 T—65.

P is here the pressure of the iron vapour, in our case 1
atmosphere. ¥V is the ionization potential of the iron atoms
and is equal to 7.8 volts. The degree of ionization « is small
compured with unity. If the relation between the gas
density and the temperature js taken into account, the

acts, follows from the current density at the ca-
thode, which is about 7000 A/sq.cm. With a cur-
rent of 180 A the area of the cathode spot is
f = 180/7000 = 0.026 sq.cm, and the force on
the cathode thus becomes:

k pf = 17000 - 0.026 = 440 dynes — 0.435 g,

while the observations under these circumstances
give an average value more than twice as great.

Finally the electrodynamic forces must be taken
into account, which are due to the action of the
electro-magnetic field on the lines of force of the
current. The electric current through a eonductor
may be considered to be flowing through tubes of
current which attract each other since the direction
of the current is the same in all the tubes.

If the top of a welding rod is examined in the
initial state, i.e. before any drop has been formed-
(see fig. 3), it will be seen that the current lines
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Fig. 3. Current lines of force at the top of the welding rod. The
arrows indicate the direction of the electrodynamic forces.
The convergence of the eurrent lines gives rise to a resultant
downward force.

converge at the crater. The electrodynamic forces,
which are also represented in fig. 3, have a dowyn-
ward resultant due to the curve in the lines of force
of the current. The value of the resultant force can
be calculated (see p. 14) anid we find:
I2 0,
k In = dyne,

e
200 0, )

where O, is the area of the crater and O, the cross
section area of the iron core of the welding rod, while
I must be in amperes. For I — 180 A and a negative
crater (0.026 sq.cm) one finds k
0.26 g.

It the crater is positive then its area is so large

- 255 dynes

that one may hardly speak of a convergence of the
lines of force. In this case therefore the electro-
dynamic force may be neglected.

following is found for the number of electrous per cc:
. 2500
n—=43-108)T.10 T

and for 7' = 6 000 °K and V;
n AT (1108

7.8 volts it follows that
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Propelling forces

We noted above that the resultant opposing force
at the beginning of drop formation is many times
greater than the weight of the drops. The propelling
forces must be able to overcome these forces, since
otherwise the transfer of drops would be impossible
in overhead welding.

The most important propelling forces are the
surface tension, tlie electrodynamic and explosive
forces.

Surface tension

Capillary force or surface tension already plays
an important part during the formation of the drops.
It is due to this force that the liquid metal remains
on the top of the welding rod and does not run along
the rod and drip off. Surface tension also keeps
the molten metal in the inverted pool.

When the arc is kept short enough the drop on
the welding rod can make contact with the pool,
which can then absorb part of the drop of liquid
metal. Figs. 4a, b, ¢ and the X-ray photographs

a c
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Fig. 4. Transfer of liquid material from the welding rod to
the piece of wo.k.

fig 5 show the three stages of this process:

a) The molten metal of the piece of work makes
contact with that on the welding rod.

b) The drop of metal between the work and the
welding rod becomes attenuated and finally
splits into two parts.

¢) The division is complete; the pool has become
larger, the drop smaller. Material has therefore
been transferred from the welding to the piece
of work. For this transfer of material the pool
must not be too large at the beginning of the
process. This requirement will not be fulfilled
in overhead welding if the current is too high
or the piece of work too hot. In the latter cases
the liquid mectal falls out of the pool and instead
of welding, a hole is burned in the work.

The manner of material transfer just described
is of particular importance when bare welding rods
are used, since with bare rods it is impossible to
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weld except with a short arc. With an arc which
is too long the liquid metal simply drips from the
welding rod.
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Fig. 5. X-ray photograph of the transfer of material from a
thinly coated welding rod to the piece of work in the manner
indicated in fig. 3.

Electrodynamic forces

The arc is usually kept as short as possible in
welding. In overhead welding with bare welding
rods this is

as we have just seen — absolutely
necessary. But with thickly coated welding rods
it is also possible to work with a longer are, and in
this case the material transfer takes place in quite
a different way as can be seen from the X-ray
photographs ( fig. 6). The molten metal on the top
of the welding rod breaks away usually in the form
of a spherical drop which is thrown upwards with
a fairly great speed. If the distance from the weld-
ing rod to the work is too great the drop thus
shot upward will not reach the piece of work, but
will fall to the ground along a more or less parabolic
path.

The drop formation of the molten metal of the
welding rod may be explained as follows. As was
represented in fig. 3 the mutual attraction of the
current lines of force causes radial forces in the rod.
These forces are generally too small to cause a
deformation of a solid conductor. They may,
Lowever, with a sufficiently high current, be great
enough to cause changes of form in a fluid conductor.
This was first noticed and investigated theoretically
in connection with induction smelting furnaces ¢)
in which iron is heated and fused by induction in
a horizontal ring-shaped gutter. The smelt forms

6) E. F. Northrup, Phys. Rev. 24, 474, 1907.
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a ring-shaped fluid conductor in which constrictions
appear under certain circumstances. How will

%
¥
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Fig. 6. X-ray photograph of the transfer of drops between weld-
ing rod and work. The arc is very long. In contrast to fig. 4
where the drops touch the piece of work and then let loose
from the welding rod, the drops are in thig case “shot away”
from the welding rod.

this effect, which is called the pinch effect be
manifested in the case of the drops from welding
rods?

When there is a large enough quantity of liquid
material on the top of the welding rod, a constrie-
tion will occur with coated welding rods as is shown
in fig. 7a. The current lines of force no longer run
parallel to the axis of the rod, and as a result
the pressure force is given an axial component.
When for some reason or other the drop is flattened
(fig. 7b) or stretched (fig. 7¢) the electrodynamic
forces will reinforce the deformation, and very
much deformed drops can occur in this way. Such
drops can sometimes be observed in the cinemato-

Il

(1IN
Il

a) b) ¢)

Fig. 7. Current lines in the welding rod and drop. The arrows
indicate the direction of the electrodynamic forces. It may be
seen that the forces have the tendency to constrict the neck
of the drop and to tear it loose from the welding rod. From
figs. b and ¢ it may be seen that the forces act to make a
flattened drop stil] flatter and a stretched drop still longer.
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graphic pictures: fig. 2a shows a stretched drop and
fig. 8 a flattened one.
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Fig. 8. A drop temporarily very much flattened by clectro-
dynamic forces.

In general the constriction of the neck becomes
steadily greater until the drop is quite free. The
constriction is due partly to surface tension, but
may be ascribed mainly to the above-discussed
electrodynamic forces, as may bhe seen from fig. 7
where the liquid metal is shown to be torn apart at
the place where the constriction ocecurs.

As the neck of the drop becomes smaller the
upward component of the electrodynamic foree
becomes greater. Calculations, which will be given
briefly below, show that the electrodynamic force
on a piece of a conductor is always directed from
the smaller to the larger cross section, and there-
fore in this case upwards, when the cross section
of the neck is smaller than the area of the crater.

The area of a negative crater of an arc usually
only amounts to several square millimetres, while
the area of the positive crater is the same as that
of the cross section of the drop. An upwardly
directed electrodynamic force will therefore mainly
occur when the welding rod is connected to the
positive terminal. When the neck of the drop has
been sufficiently constricted the force becomes
greater than the force of gravity acting on the drop
(and other opposing forces), with the result that
the drop leaves the welding rod with some speed.

This is also shown in the film reproductions in
fig. 6. In these cases the path of the drop could be
followed in several pictures, and the initial velocity

Table II
ST/Kdt $=4mm JT=140A
Vo m VO S T
|
= mg cmfsec | dyne sec erg
Bz 3 | 28 |
62 16 1,0 8
157 17 27 23
§=20 T=23
. 29875
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of the drop could be estimated from it. If one as-
sumes that only the force of gravity acts on the free
drop, the initial velocities given in table II are
obtained from the sections of film which can be
used for the determination. The drop is thus “shot”
away with an average impulse’ of 2 dynes/sec, or
an average kinetic energy of 23 ergs.

A theoretical estimation of the electrodynamic forces leads
to the same order of magnitude. If one calaculates for a solid
of revolution as in fig. 9 the electrodynamic force which acts

T
X

Ry

.
—
AL

S
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Fig. 9. Sketch for the purpose of calculating the electro- .

dynamic forces acting .on a piece of a solid of revolution.

on a rihg-shaped element.of volume (posmon x, _radlus r), a
resultant force in the x direction is found of the magnitude:

4 dR

2 s
K =1 00 R * ds

dx dr (dynes),

in which R is the radius of the body at the point x and I is the -
. current in amperes. This formula is valid under the assumption

that R changes only slowly with x 7). .

The total force on the body is obtained by mtegratmg the
above expression with respect to r (from 0 to R) and to x
(from %, to x,). The following is the result:

* = 100 "R, — 200 "0, "

It may be seen from this formula that the force depends
upon the current and the cross sections at the beginning and

- .of-the piece of conductor considered, and that it is always
~ directed from the smaller to the larger area.

If this result is applied to the molten drops, the area of the

.. crater must be used for 0, and the cross section of the neck
" for 0,.

The force K, becomes a propelhng force the moment the
cross’ section of the neck becomes smaller than the “crater.
Upon further constriction, at a certain radius R, of the neck,
the upward electrodynamic force will be equal to the weight
G of the drop. From that moment the drop will begin an up-

ward movement, and as a consequence the constriction will

be accelerated.

In order to calculate the total energy which is transferred

to the drop we must know the length, of the path over which
the electrodynamic forces ‘act until the drop is quite free.

7) In this case it may be assumed that: ‘the axial component
of the current density is equal at all points of a plane
cross section perpendicular to the axis.

L4
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This path will be of about the same order as the radius R, of

_the neck. We shall make this supposition more definite by

assuming that in the upward motion the radius of the neck .
decreases at the same rate as the drop moves upward. With
this assumption we find for ‘the total kinetic energy T which
is given to the drop up to the moment when it is freed:

- I2 .
T= 166 R,.

Let us examine particularly the experiments whose results
are given in table II for the case of a welding rod with a core
diameter d of 4 mm, a drop of 0.7 d'= 2.8 mm diameter and
a direct current of 140 A. The current density at the crater

. determines the area of the latter and at the same time also the

magnitude of the upward electrodynamic force. If the current’
density is considered to be 7000 A/sq.cm for the cathode spot
and 1400 A/sq.cm for the anode spot, one finds, according
as the welding rod is positive or negative, values for R, of 0.09
and 0.05 ¢cm respectively, and for T, 18 and 10 ergs respectively.
Under the conditions of the observations of table 2, i.e. pos-
itive polarity, the energy of 18 ergs taken up by the drop is
in good agreement with the observed average of 23 ergs.

Explosive forces

In the following attention will be concentrated

‘on the phenomena occurring in the neck of the drop.

Due to the elettrodynamic forces the neck is con-

tinually narrowed, but since the electrical conduc-

tivity of liquid iron.is much greater than that
of the molten coating, the electric current will
continue to flow chiefly through the ever narrowing

~ neck. The heat developed ‘by the electric current

will increase the .temperature of the neck . until

- the boiling point of iron has been reached.

Since the whole process is completed in ‘several
tenths of a millisecond, as will appear from the

‘discussion below, it is understandable that a merely
“slight delay in boiling can lead to a considerable

exceeding of the boiling point, whereupon the neck
passes into the vapour form explosively. A tempo-
rary over-pressure then occurs which can shoot the
drop away with considerable speed, especially when
the space between the drop and the rod is partly
closed by molten flux so that the gases cannot
immediately escape. This is always so in _the case

of coating welding rods. A similar phenomenon may

occur due to the fact that the iron contains dissolved
gases which are probably driven out of the iron’
before it reaches its normal boiling point. We may
then expect that a bubble of gas will be formed
inside the neck, a fact which has actually been
observed several times by means of photographs
(fig. 10). . .~ ‘

The increase of temperature due to the electric
current through the ever narrowing neck can easily
be calculated if one assumes that heat dissipati(;n .
does not-occur; this will only be true in the case
of a very narrow neck such as may occur imme-

-
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diately before the explosion. The diameter of the
neck can be estimated from observations of the
variation of voltage by means of a cathode ray
oseillograph. It will be seen that every transfer
of a drop is accompanied by a voltage peak of about
20 volts on the average with a welding current
of 140 A. The duration of this peak is of the order
of 2 - 107* sec.

29881

Fig. 10. Preparation for an explosion. A vapour or gas bubble
is formed in the interior of the neck.

This voltage peak may be ascribed chiefly to the
electrical resistance of the neck which can be
calculated from it and is found to amount to 0.14
ohm. If the neck is considered to be a cylinder 1 mm
in height (in agreement with the photographs) the
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area of the cross section is found tobe 3.6 - 107* sq.cnr.

The time which would be necessary to vaporize
this neck completely would be 6 - 107" sec at the
given voltage and current. It is reasonable to assume
that the actual lifetime is only a fraction of this
time (in agreement with the observed value of
2 - 10" sec), because during the vaporization the
narrowing of the neck continues and, moreover,
the speed of evaporation is thereby increased.

The fall in voltage in the neck during the transfer
of the drop does not occur only in overhead welding
but also in other positions. This voltage drop is in
series with the arc voltage and may, if the available
voltage is too low, lead to the extinction of the are.
In welding with a welding transformer it has been
found that the phenomenon of extinction of the
are occurs at a no-load voltage of the machine which
is too low, and that it occurs often the lower the
no-load voltage. For this reason transformers which
have too low a no-load voltage (less than 50 volts
for example) cannot be considered suitable as weld-
ing transformers.

ILLUMINATION AND BLACK-OUTS

by P. J. BOUMA.

628.97 : 355.585

From: a study of physiological data the brightnesses and intensities of illumination are

deduced which under various circumstances ure permissible in times of danger from

air-raid. General principles are given for the illwmination at such times. It is shown how
the Philips “Protector” lamps provide a solution of the problem. In conclusion the
influence of the colour of the light is briefly discussed.

The problem of planning a satisfactory outdoor
illumination under normal conditions has already
been discussed in this periodical from a number of
different points of view. The problem takes on quite
a different character when it is studied in connec-
tion with a possible danger of air-raids in time of war.

The primary requirement made of the illami-
nation is that it must not enable the aviators to
orient themselves or observe the position of cities,
buildings, etc. There is then also the secondary
requirement that on the ground there should be
high enough visibility so that traffic is still possible,
although with very much reduced speeds.

In the following the conditions will be studied
on the basis of physiological optical data for satis-
fying the primary requirement of “non-visibility
from the air”, and the way in which these conditions
can be realized in practice while retaining the best
possible visibility on the ground.

Physiolegical optical basis

Accurate information about visibility of light

spots of different sizes and brightness under the
conditions which hold for the observer in an aero-
plane during an air-raid can only be obtained by
experiments on a large scale made by aviators from
the air. Even then it will still be very hard to
imitate actual conditions accurately. The observer
will in the tests usually fly over well-known country
the psychological factor is also quite different from
that during an air-raid, ete. All such factors may
exert an influence on the result which should not be
underestimated.

Since we possess no reliable results of such prac-
tical observations, we shall try to obtain the neces-
sary numerical data in quite a different way. We
shall begin with the large amount of observational
material which has been collected in numerous
laboratories on the visibility of objects of ditferent
size and brightness. Practical experience has,
however, shown that under laboratory conditions
much lower threshold values are obtained than
under practically occurring conditions. In order
to solve this problem we shall make use of the
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2 - 10" sec), because during the vaporization the
narrowing of the neck continues and, moreover,
the speed of evaporation is thereby increased.
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series with the arc voltage and may, if the available
voltage is too low, lead to the extinction of the are.
In welding with a welding transformer it has been
found that the phenomenon of extinction of the
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nation is that it must not enable the aviators to
orient themselves or observe the position of cities,
buildings, etc. There is then also the secondary
requirement that on the ground there should be
high enough visibility so that traffic is still possible,
although with very much reduced speeds.

In the following the conditions will be studied
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fying the primary requirement of “non-visibility
from the air”, and the way in which these conditions
can be realized in practice while retaining the best
possible visibility on the ground.
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plane during an air-raid can only be obtained by
experiments on a large scale made by aviators from
the air. Even then it will still be very hard to
imitate actual conditions accurately. The observer
will in the tests usually fly over well-known country
the psychological factor is also quite different from
that during an air-raid, ete. All such factors may
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Since we possess no reliable results of such prac-
tical observations, we shall try to obtain the neces-
sary numerical data in quite a different way. We
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experience gamed in nawgatlon in the observation
of light signals. :

The most important laboratory data upon which
we base our considerations will be found reproduced
in fig. 1. In this figure the minimum intensity of
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F1g 1. Intensity of illumination E, which a circular object

must give to the eye in order to be seen, as a function of '

the size of the object (expressed as angle or solid angle within
whlch the object is seen).

i].lumination E, which'a circular source of light must
" give to the eye in order to be observed is plotted as
"a function of the angle a within which the source of
* light is obsexrved !). This curve was composed from
data of six different authors 2); in spite of the very
diverse sources (physical, technical, pliysiological
and astronomic investigations) all the data showed
- reasonable agreement. It may be seen from fig. 1
that with very small angles of vision (smaller than
“about 1 min) E is independent of a: for such small
points of light it is not the brightness but only the
. total light intensity which is the important factor.
With very large angles (above about 10 degrees)
E is proportional to o2 i.e. to the apparent area; for

such large light spots-the dimensions play no .
.. further part and it is the brightness alone which

determines the visibility. For very small angles of

- vision the threshold is E = 107 lux, for very large -

angles of vision B = 3.4 - 107 stilb. o
In practice wé are often concerned with the region
_~which lies between these two extremes and where
therefore both the brightness and the dimensions
are important for visibility.
In practical navigation a threshold value of
E =2

1) « is given as an ordinary angle both in radians and in

. degrees, minutes and seconds.
*2) Arndt, Das Licht 5, 220, 1935.

" .+ Borchardt, Zs. fir Sinnephys. 48, 176, 1914.
Bouma, (unpublished).

. Fabry, Trans. IIl. Eng. Soc. 20, 12, 1925
Langmuir-Westendorp, Physics 1 273, 1931.

" Reeves, Astrophys. J. 47, 141, 1918 :
Russell, Astrophys. J. 45, 60, 1917.

+ 107" lux is counted -on for small" angles
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of vision, so that for thé transition from laboratory
experiment to practical observation a factor of 200
is added. This factor seems surprlsmgly large, but
it becomes more comprehensible when we take the
following factors into account. .
1) In the laboratory experiment the eye of the
observer was completely adapted to the dark,
this was not so in the practical case. The great
importance of this factor is shown by the fact
. that the light of the clear moonless sky raises
- the ~threshold value E by -a factor of 10
(Russell).

~2) In the laboratory experlment it is known where

_ the light point is to be expected this is not trud
in practice. :
3) Light points which lie close to the threshold
value are often observed for a moment and then -
lost from view again. For the practical case such’
an observation is inadequate.
4) In the laboratory there is an unlimited time for
~ observation. - )
5) In the laboratory it is posslble to. concentrate
all one’s attentmncalmly on the visual ohser-
vation. -

The factor of 200 mentioned may not, howevel,
be immediately applied to the problem of black-out,
since we are in this case concerned with the require-
ment that the light shall be just not visible, whereas
in navigation thé requirement is that it shall just
be visible. From numerous physiological obser-

_vations it has been found that the difference in the

threshold value may amount to a factor of 1Y/, to 2
when these two different criteria are applied.

We shall, therefore, find the threshold values for.
the black-out problem fairly accurately if we mul-
tiply the values of E of fig. 1 by a factor 100.

Max1mum pernussﬂ)le brlghtnesses aml mtensltles
of lllumlnatlon

For very large 111um1nated surfaces we find
from the above a maximum permissible brightness
of 3.4 1070 stilb. If we ‘assume that the lighted road
surface is diffusely reflecting with a reflection coef-
ficient of 15 per cent (a value which often occurs
with granite block pavement, the coefficients are
still much lower for asphalt), this means a maximum '

permissible intensity of illumination of 7 - 107°"

~ lux 3). The average level of illumination of highways
- and streets may therefore not exceed this value.

Since the above-mentioned factor of 100, while
correct for small angles of vision, will be somewhat

»
t

3) It may be noted for the sake of comparison that ona clear
moonless night' the  illumination intensity is about
0. 2 10-3 lux, and with a full moon about 0.2 lux.
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too high for very large surfaces, care must be taken

that the surfaces which can be illuminated to this’

level are not larger than absolutely necessary.
For light sources in the form of a point E is
about 107", lux for the eye: a light intensity of 1/,

"of .a candle may, under favourable weather con-

ditions, be observed at. a height of 1 kilometre.
This shows that it is of primary importance that
the light sources do mot radlate any light at all
in an upward direction.

In table I are g1ven the - data for severalAA )

intermediate cases. For circular light spots of
different diameters d (in metres) the maximum per-

. missible intensity of illumination in lux is given
which the spot may have and still not be observed
_from a heiglit of 300, 1 000, 3 000 metres. 30 per cent
is taken as the coefficient of reflection of objects, -
_persons, ete. whlch are situated within the light

spot ..
- Table T -

=

. d ’ : :
Heigh\ 0lm | 1m | 10m | 100 m .

300 m . 14 0.26 . | 0.013 | 0.0041
1000 m - 135 ¢ 1.9 0.051 0.0057

3000 m 1200 14 0.26 | 0.013

‘ The table shows among other thmgs that an in-
ten51ty of illumination of 1 lux (about the lowest
limit at which it is possible to read properly) is

" permissible with a height of the plane of 1000 m
when the light spot has a diameter of 1 m, but for

much larger light spots it becomes absolutely in-

e admissible.
It may also be seen that for very large 111um1- :

nated areas (100 metres) the visibility decreases

. only slowly with increasing height of the plane:
" from 300 to 3000 metres the perm1551ble intensity of

illumination of the area increases only by a factor 3.
Small light spots (1 metre) on the other hand

~ disappear very quickly as the plane rises: from 300 -
to 3000 metres height the permissible, intensity

of illumination increases by a factor 54.
It may further be seen from the table that a

window of a well-lighted room (100 lux) which has ..
an area of 0.8 sq.m must be provided with a curtain .

which allows not more than 2 per cent or /, per
cent of the light to pass if it is to be made invisible
at 1 000 metrés and 300 metres distance respectively.
It may be seen from these values that many curtains
used in ordinary times are inadequate, even without

< consideri_ng the influence of slits 'a'nd openings.

General guldmg principlesfor¢‘hlack-out 111um1nat10n

~

The most 1mportant requirements which must be ‘

-
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made of “black-out ‘illumihation” are the following:

a) The general level of the outdoor illumination
must be very low (about 0.007 lux). .

b) Even this low level may not be used over larger
areas than necessary. .

.¢) The ﬂlumlnatlon must be very umform, this

being the only way to obtain a farly effective
lighting without exceeding the perm1551ble
level locally.
d) The sources of light may not radiate any hght
at all in an upward direction; a few tenths of
a candle may already be too much. '
é) Care must be taken that the source of light docs
- not become visible from the air by reflection.
f) It is desirable that the sources of light radiate
" acertain amount of light in a practically horizon-
tal direction; in this way the light sources may
help the road user by serving as beacons at
greater distances. This radiation may not in any -
- case, however, be too strong since the .eye would
very quickly be blinded at these low levels of
brightness.
g) We shall discuss the 1nﬁuence of the colour of .
" the sources of light at the end of this article.

It has several times been proposed to .satisfy
requirement a) by lowering the voltage of the elec-

. tric lamps from a ¢entral point. Apart from tech-

nical objections connected with this operation, the
measure is in itself inadequate. In order to black-out
a city satisfactorily in this way the level of illumi-

nation would have to be lowered by afactorofabout . -

2000 when the brightly lighted streets are taken,
into account;-a decrease in voltage from 220 to .
about 35 volts would be necessary. With such a

 drastic lowering the visibility in most of the streets

would become too poor because of the great lack’
of uniformity.

Tn addition there is the fact that at such low
voltages the electric lamps would radiate very red
light which is very undesirable (see below).

In order to satisfy all the requirements a) to f)
it will be necessary to replace the sources of light
by others which bettcr answer the purpose.

This could be done by providing the existing
light sources in wartime with special fittings,
qlnelds etc. This wstem las, however, two ob- -
]thIODS .
1) It w1ll be dlfﬁcult to shield all the emstmg, often

ve:ry dlvergent types of light sources. in the

" same satisfactory manner. ; '
2) When. the shield or fitting is damaged without

the lamp being broken, the much too intense
lamp may suddenly become visible. '
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The “Protector” lamp

These considerations have led to the development
of a special lamp for black-out purposes, the so-
called “Protector” lamp, which is manufactured
in two different models.

29963

Fig. 2. “Protector” lamp for outdoor illumination.

Fig. 2 is a picture of type I for outdoor illumi-
nation. It consists of a 25 watt %) vacuum electric
lamp with a specially shaped bulb, almost the
entire surface of which has been sprayed with
dull black paint. Only a narrow frosted ring has
been left free, Since this ring radiates the light
chiefly at relatively small angles to the horizon, the

light distribution curve of fig. 3 is obtained. In the

e}
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Fig. 3. Light distribution (candle power as a function of
direction) of the “Protector” lamp for outdoor illumination,

vertical direction the radiation is at a minimun so
that the appearance of a spot with too high a bright-
ness directly under the lamp, as well as the danger
of the strong reflection in almost vertical directions
is avoided. The great increase of light intensity
at larger angles contributes to a more uniform
distribution of the light intensity. For angles

*) For certain cases a still smaller wattage can be used.

Vol. 4, No. 1

smaller than 25° with the horizon the radiation
decreases sharply, so that too great a glare is
avoided. In the horizontal direction the lamp has
a very small intensity (about 0.05 candle), above
the horizontal plane no light is radiated. With this
light the greatest intensity
of illumination on the road will occur at the point

distribution curve

where the light source is observed at an angle of
about 45° with the horizon. If the lamp is mounted
at a height of 6 metres the maximum intensity is
exactly 0.007 lux;-at all other points the intensity
is still lower.

If the lamp is mounted at a height of only 4
metres, then outside a circle with a radius of about
6 m from a point directly under the lamp the in-
tensity of illumination will remain below 0.007 lux,
while within the circle described an average inten-
sity of about 0.012 lux will be obtained. It may be
seen from table I that such a light spot also begins
to be invisible from a height of 300 metres.

29870

Fig. 4. “Protector” lamp for indoor lighting.

Fig. 4 gives a reproduction of the “Protector”
lamp type II, intended for indoor illumination. In
this case also the most important characteristic is
that all light in an upward direction is rigorously
avoided by shielding, so that even when the effect
of the curtains is inadequate, divect light can never
be observed by the aviators. This is accomplished
by means of a bulb which is also black for the most
part with the exception of a frosted window. In
contrast to type I the light distribution curve of
this type is at a maximum in the vertical direction
and there is almost no radiation at angles smaller
than 30° with the horizon (see fig. 5). In this way
it is made possible to have sufficient intensity of
illumination directly under the lamp to carry out
certain kinds of work while the light spot is not
made unnecessarily, large and thereby easily visible.

It is by no means the intention to make the
closing of curtains unnecessary by the use of these
lamps. They are rather intended to make it possible
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to attain a satisfactory black-out in spite of the
often imperfect shielding by ordinary curtains.
As to the use of type-I it must be noted that it
-is impossible at the moment when an air-raid is
imminent to change the lamps quickly. The black-
out lamps will have to be used during the whole
. period of possible danger. Over against the dis-
". advantage of having to get along with the very
imperfect illumination 2ll that time, is the advan-
tage that when danger actually threatens one is
accustonied to this kind of illumination and no

extra panic is caused by the sudden dimming of

the lights. *

80°

29966

Fig. 5. Light distribution of the “Protector” lamp for indoor - '

illumination. -

For those cases where a still lower light intensity
is desired, both types of “Protector” lamps can also
be supplied with blue coloured ring or window.

It may in conclusion be remarked that the prac-
tical experience with “Protector” lamps gained .

during various black-out tests in the past year was
found to be in good agreement with the considera-
tions given here as to visibility.
The colour of the light

Opinions vary very much about the desirability
of using coloured lights during air-raids. The use

‘of blue light is very strongly recommended by many,
others deny absolutely that blue light offers any

advantage over white light. This- difference of -

opinion is understandable when it is kept in mind
that there has seldom been an opportunity to carry

out a real test of the question, which test would °

have to consist in the comparison from an aero-

plane of a blue and a “white” illumination” which

gave the same degree of visibility for road users.

It has been ascertained that colouring the lamps

g p

blue was usually an improvement, but it has not
y p

never need to be put into practical use.
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been possible to ascertain with certainty whether

or not this improvement was due exclusively to the
decrease in intensity.') _ . N
The, problem of the colopi: may be formulate
most clearly in the following form: for what coléur
is the relation between the visibility for road users
and from a plane most favourable? From this way

“of putting the question it may immediately be seen _
that many factors which determine vision under -

ordinary circumstances must be neglected here

since they affect the visibility of the ground and. °

from the air in the same way. We must therefore

" concentrate attention on the factors which are

S . =

different from the point of view of visibility from

an aeroplane from that of a road user. Among

these factors the following are important:

a) The aeroplane observer is at a greater distance,
he sees all objects within a smaller angle of

. vision and therefore makes more use of the -
‘central portion of the eye and less of the pe-
ripheral parts, while the road user makes
constant use of peripheral vision. Therefore
“colours for which peripheral vision is relatively
sensitive” (blue-gre,én ‘and blue) will probably
offer certain advantages. .

b) The observer in an aeroplane must try to recog-
nize certain light points out of a collection of
very low intensities with here and there vague

_ spots of somewhat greater intensity. This will
"be easiest when a colour is ‘presented which
deviates very much from the colour of star-

_ light. Red or deep yellow coloured light will
therefore certainly not be chosen; it may
on the other hand offer some advantage to
choose a somewhat bluer colour than that of
electric light, without, however, using a saturat-
ed blue. It must also be noted that when the "
intensity of red light decreases, the light retains
its striking colour until it is almost inVis‘ible,'
while the less saturated colours lying more
toward the blue lose their striking colour
gradually at lower intensities. )

Summarizing we may say that deep red or yellow

light sources must certainly not be used, while
the use of a somewhat bluer source of light than
the electric lamp may offer some advantages. The
influence of such variations in colour is, however,
infinitesimal compared to the influences discussed

_above of the intensity, good distribution of light

and efficient shielding. :
The above is a brief “theory of black-out illum-
ination”. It is to be hoped that this theory may

N

.
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- CARRIER-TELEPHONY ON LOADED CABLES
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For the application of carrier-telephony the cable used must have a sufficiently high
cut-off frequency. This means that the loading may not be too heavy and therefore
considerable attenuation must be accepted in some cases. For long distance connections
the loading is, however, already limited by the permissible phase distortion and the
transition time, so that the possibility is immediately offered of the introduction of one
or more carrier-channels. With very light loading the decrease in attenuation with _
respect to the non-loaded cable is not very great; but in systems with few channels it is
still of practical advantage. For systems with many channels loading offers no appre- -
ciable advantage. Finally points are discussed which arise in connection with different

carrier-systems, -

In order to make the most economical use of a
telephone cable between two places far away from
‘each other, so-called carricr-telephony is applied in
many cases. This is based upon the following prin-
ciple. The speech vibrations which must be trans-
mitted for an intelligible telephone conversation
occupy a frequency band from 300 to 2 700 cfs.
In ordinary telephony, therefore, only these low-
frequencies are transmitted. They may however also
be used to modulate a carrier-wave which has a
frequency of 6000 cfs for instance. The oscillation

obtained contains, in addition to the carrier-.

‘frequency, two side bands with frequencles from
5700 to" 3300 c/s and from 6300 to 8700 c/s.
Since for the transmission of speech one side band
is sufficient, and since in addition the carrier wave
itself can also be suppressed after the modulation,
the speéch” has finally been transposed into a vi-
bration with frequenciesbétween 3 300 and 5700 c/s.
The speech thus transposed can be transmitted over
the same pair of conductors as the ordinary speech
vibrations. The same process can of course also
be carried out with carrier waves of higher frequen-
cies. These links running along the same circuit with
different frequency bands are called “channels”.

According to the number of ‘channels” used at
the same time, different systems of ‘carrier-tele-
phony result: in the 141 systeni for example,
there is one carrier-wave channel in addition to
the ordinary voice-frequency channel; in the 1414
sytem, there are 4 carrier channels besides the

voice-frequency channel; in the 12 channel system

the voice-frequency channel is omitted and there
“are thus only 12 carrier channels. Systems have
even-been developed with. several hundred chan-
nels, in which therefore several hundred conversa-
tions may take place at the same time over one
circuit. In table I the frequency distribution of
two common systems is given as an example. |

Before the infroduction of carrier-telephony an
«important device already existed for the economical

use of a telephone link: the application of loading- .
coils. It will appcar from the following that the

application of carrier-telephony and loading are

mutually exclusive to a _certain degree, so that

a compromise must be made. In order to present

clearly the different factors which here play a part,

we shall first recall a few general facts about the

propagation of electrlcal oscﬂlatlons in" a con-

ductor 1),

Table 1

Frequency bands in two carrier-wave systems (fiequencies
in ¢/s). The 1 4 4 system is used in England. :

141 channel | 144 channel
system system
Voice-frequency channel 300 - 2 800 300 - 2600
1st carrier-channel 3200-5700 | 3400- 5700
2nd ,, », o= 6 600 - 8900
3d , — 9900 - 12 200
4th » — 13 400 - 15 700

Propagaﬁ_on of oscillations in a cable

If a sinusoidal voltage with an angular frequency

- is applied to the end of a cable, it propagates

itself along the cable in the form of a damped tra-
velling wave. The amplitude of the voltage after
a distance ! is decreased by a factor e—a. The
dampmg a is given by .

“—VRwC‘/V (T “’—;wlf

R is here the resistance, C the capacity, L the self-

.induction per unit of length of the cable. It is as-

sumcd that the leakage of the cable is small com-
pared to wC and (wC)- (wl /1), which conditions

1) Cf. also W. Six, The use of loading coils in.telephony
Philips techn. Rev. 1, 353, 1936; J. L. Snoek, Magnetic
cores for loading coils, Philips techn. Rev. 2, 77, 1937;
~W.Six and H. Mulders, The use of amphfiers (repeat-

) ers) in telephony, Phlhps techn. Rev. 2, 209, 1937
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are always satisfied by a good cable for the Si)eech
frequencies to be transmitted.

A comppsite oscillation, such as speech, when
propagated along a cable, will be continually
weakened and at the same time distorted, since
according to (1) the damping depends upon the
frequency. Due to various factors the distance

i . « e . A . X . .
bridged is limited, since th> distortion may not

exceed a certain limit if the speech is to be intel-

ligible and the speech. vibrations may only. be’

weakened to such an extent that, ‘at the end of
the cable or, with longer links, at the next repeater

_station, they still emerge sufficiently above: the -

ever present disturbances. -
For an ordinary cable, in general R>>wL so
that a becomes simply

1/Rw C
=] : @)
The attenuation can be reduced by making the
" resistance and the capacity smaller. The cable is
therefore constructed so that its capacity is as
small as p0551ble To reduce the resistance a large
cross section of copper is necessary. A limit pre-
scribed by economic considerations is soon reached

There is however another possibility of decreasmg
‘the attenuation, namely by increasing the self-
‘induction. Formula (1), for the case where oL>R,
then - becomes: ’

RowC C R
o VR R R

The attenuation is here smaller by a factor Y R/2wL
than in the case of formula (2) and it is also in-
dependent of the frequency, so that the speech is
no longer subjected to linear distortion if we neg-

R /C
wi=3 1

lect the lowest frequencies at which the condition™

¢

oL>>R may not be satisfied.

The practical method of increasing’ L in most
- cases is byloading: at regular distances self-induction
coils are introduced into the circuit.

Since with incre_asiﬁg L the attenuation becomes
steadily smaller, see equation (3), it seems ad-
visable to apply heavy loading, i.e. to introduce
large coils at short distances. Aside from the fact
that here also economic considerations would set a
" limit, an objectionable influence is' exerted by
heavy loading in the transmission of higher. fre-
quencies. We shall deal w1th this mﬁuence in some
deta11 '

Loading and. cut-off ffeqpency '

From equation (3) we cpnglu(iéd that a becomes
independent of the frequency when wL3>R. This

.
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_is, however, only true when the self-induction L,

like the\ resistance R and the capacity..C, is
distributed uniformly along the cable.. For a
loaded cable, where the self-induction is concen-
trated chiefly at definite points, (3) is valid only
in a definjte frequency range, namely, as long as
the wave length is large with respect to the length
of section s, i.e. the distance between two successive
coils. Above this frequency range the attenuation

‘a begins at a- definite frequency, the cut-off
frequency w,, to increase sharply so that;higher

frequencies than this are practically not trans-
mitted. The loaded cable thus behaves as a low-.
pass . filter, and the cut-off frequency is given
appr0x1mately by
2 .

e , 4
’ % 14 Ls-sC ( )
where Lg_is the self-induction per séctipn (Cf.
Philips techn. Rev. 2, 210, 1937 for this formula). -
Since the self-induction of the conductor is in gen-
eral much smaller (0.6 mF/km) than that of the coils,
L; is approximately equal to the self-induction of the
type of loading coil used. The larger Ls i.e. the

‘heavier the loading, the lower the cut-off frequency

becomes, and- the narrower the frequency range
in which formula (3) is valid. In fig. I the attenua-
tion for various common types of loading is

‘plotted as a function ofsthe frequency.

It would of course also be ISossi_ble to obtain a
high cut-off frequency when large self-inductions

" Ls are used, by decreasing the length of the sections

s, see equation (4). The attenuation is at the same

144 .- 2996&

a3
IR

02 ’ . . - A

[7] = N
/'/ .

/; 28mH /

<
/ | 22mH//
]

177mH, -

o1

-0
o 5 10 75 20 vV
Fig..1l. Attenuation curves of a cable with different types
of loading. The attenuation a in Nepers 2) is plotted against
the frequency v in kefs. Curve 0 is for a non-loaded cable,
while in the other three cases drawn loading is applied with
coils of 2.8 mH, 22 mH and 177 mH respectively. The
length of section is 1830 m, the core diameter 0.9 mm and
the cable capacity is 0.0385 y.F/km

%) An attenuation of IN (Neper) means a decrease in voltage
by a factor 1/fe = 1/2.718; a difference in level of 0.12 N
thus. corresponds to a voltage ratio 1/e0.12 = (.89,

¥
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time still more reduced, since the self-induction pér
unit length, L = Lg/s, is greater. If the latter
is kept constant by decreasing L; propertionally
" to .s, then with constant attenuation an increase
of the cut-off frequency is achieved (w, then in-
creases inversely proportional to s). This isobvious

even without formulae, because proportional reduc- -

tion of Ls and s means a more uniform distribution
of the total self-induction of the cable, and therefore

a better approximation of the limiting case of a’

- homogeneous cable in which the “cut-off frequency”
is infinite. This method cannot, however, generally
be applied in practice since the shortening of the
sections involves considerably more expense because,

"in addition to more coils, extra coil cases and man-
holes are necessary. In most countries a section
length of 1.83 km is used (in Germany 1.7 km),

which length is assumed in the curves of fig. 1.

It is immediately clear from fig. 1 that heavily
loaded cables with coils of 177 mH cannot be
Qons'idered for carrier-telephony. When theve "is
only'one carrier channel above the low-frequency
channel (141 channel system) frequencies up
to 5700 ¢/s must be transmitted. A sufficiently
high cut-off frequency is necessary for this. A
lighter loading is thus necessary, and this is even
‘more the case for carrier-systems with a larger
number of channels. With light loading, for in-
stance with coils of 22 or 2.8 mH, however, as
is shown by fig..1, the attenuation in the flat
part" of the curve which can be used effectively
is much greater than with heavy loading. This
means that for a given distance a greater number
of repeater stations or a larger copper diameter
would be necessary. By the application of car-
rier-telephony the cable is used more efficiently,
but at the same time the connection is more ex-
pensive (especially if we also consider the cost
of the carrier-apparatus in the terminal stations),
" so that it is natural to_ask whether therc is ‘aqy
other advantage. - :

Transition time and phase distortion

In the case of links over long distances there
_is, however, another reason for changing over to

light loading, namely distortion. The abovemer- -

tioned linear distortion which occurs because.the
attenuation at the ends of the range transmitted
is no longer independent of the frequency, can be
corrected to some extent by balancing networks
which together with the intermediate repeaters
have a suitable charactetistic. There arc, however,
~other causes of distortion.

- Oscillations with - different frequencies are in
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general propagated along the cable with different
speeds. With long distances considerable differences
in transition times can occur between the lowest
and the highest frequencies of speech; which gives
the latter an unpleasant character and finally
makes it wunintelligible. This is called phase
distortion. For the difference in transition time
At between two frequencies w; and o, which are
not too close to the frequency. w,, the following
formula is approximately valid:

. 2 2

At = M . . (5)
s wy
Formula '(5) niay be derived: as follows. Every coil cau-
ses -a certain rotation of phase ¢, of the voltage; the sec-
tions of cable between the coils also cause a phase rota-
tion, whie'hl is however small, so that we may neglect its
contribution. The equivalent circuit of one section of the cable
is drawn in fig. 2, in which the ohmic resistance of the cable
is neglected. The section is considered as a cell of a low-pass
filter which is shut off from the cable at one side by the im-
pedance Z = ]/L_,/C, / 1= (wfwe)? C, is the capacity per sec-
tion. For a voltage E, on the left hand terminals of the coil
the impedance is '

L
. Z:s o CJ2
jo L+ ——";
Zd
tiecp
for the voltage on the right-hand terminals the impedanceis
' 1
z Jjo CJl2
— -
4
+ Jo CJ2
The ratio of the voltages becomes:
B _ _z -
E, — : Z
14+ ZjoC2) (jo L+ ey
(+2%0C/2) (jol+ 755
7 .

»

T ZU—20%0) oL,

When worked out further this givés for the phase angle ¢,
between E,; and E, the relation

sin p, = 2‘—(?— l,/l - (2)2 .

w, . wgy

k)2

(6)

45/2 29887

Fig. 2. Equivalent circuit for the loaded cable. A section length
is considered as a cell of a low pass filter. C, is the capacity
of the cable per section, L, is the self-induction concentrated
in the loading coil, Z is the cable impedance. A phase rotation
s occurs between the voltages E; and E.
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A transition time for the wave of @,/w corresponds to the phase
rotation @,. For the distortion, however, it is not a question of

the transition time of the waves, but of the “group transition '

time” of a finite wave train. The group transition time per E

section of the cahle is

.

) : dw N .
-~ With" equatlon (6) one ohtalns P

-

8
. ~ wo
\ ";{, - ]'/1 _( )
and for the transltlon ‘time over a length of cahle I
1 2 2 i 1(2 Lwry
s Z’; + w® ) o

e

For the dlfference in transition times hetween two fre-
quencles equation (5) follows from the above.

,On the basis of 1nte111g1b111ty tests the C.C.LF.

A

", .': ¢ cations téléphoniques 3

in group transition time) on international lines may
“not be more than 15 mllhseconds ‘when the fre-

et “queney ¥,

-~

30 49 Hl,3 B

“'this value is. given for different types of loadmg,
“while equauon (3) is 1epresented graphically in
. fig. 3. While it is _possible to raise the limit given

by the differences in transition timsé. by means of -

5 corrcctmg networks, it nevertheless remains neces-
- sary to apply light loading for Jong distances.

3 -
S

Gt Talem |

. Limitation of the dlstance,hndged by ph‘as‘e. distortion and .

‘transition time. Section length 1.83 km.

Loadlng- ST T
. : off . | L U
- ' with cdil of - Cut-off . = m ‘ . i )
:‘, (mH) frvequcncy : (km) (km) - -
171 | ~.285 T ooq00 | 7 2500
22 . ~ 8.0 Co 18 500 -6 900~
: 3,2.'8"‘ L ~21 > 100 000 17000

3) The prec1se speclﬁcatlon states that ‘the phase dlstortlon
may be 10 milliseconds for the frequencies’ 300 -and 800

¢/s and another 5 m sec for 800 cycles and the highest

T frequency used. For the latter a smaller value is taken

¢

T e
25000 ‘ / SCER -
* 20000} —
//
15000——— - e ' '
10000 : H——
. 5000)— /{/ '
] 7 5 - bal
77mH - 22H - i . 28mH

. quencies 300 and 2 4«00 c/s are taken for »; = e, 27
o and v, = w, 27 For the maximum distance to -
be hnked L, in kllometres, when ‘the cut-oﬂ' fre-
@y 27 is’ calculated in kc/s the fol-. .
lowmg value is found . -

. ®)

In table IT the max1mum dlstance calculated w1th« .

"In loading “with coils of 22 mH _phase_ ‘distortion
is no longer felt, even at the greatest dlstances -

here as actually applied, because, if equation (4) is also |

“". to be used for the 177 mH ‘loading, the frequency must,

be sufficlently far below the. cut-oﬁ' frequency .

- d(ps . ’ : .

. troduction of carrler-systems

(Comlte consultatif international des communi-
grande dlstance) has pre-
P scribed that the “phase distortion” (the dlﬂ'erence‘

. dominating factor. The three cases of of loading with coils '
177 mH, 22 mH and 2.8 mH respectlvely are speclally in- -

Coe

in half of all the calls made. E
150 milliseconds has been fixed by the:C.C.L.F.- "

"as a maximum perszslble transition time t, for

CARRIER-TELEPHONY ON LOADED CABLES =~ - e

o -

,uoc‘cnrrlng »The higher cut-off fl‘equency, which
. then automatlcally prevails, makes it possible to

apply a 141 carrier-system. This is actually ‘the
way in which carrier- telephony developed the

-great international lines were given a higher cut-off

frequency, and this opened the ~way for the in-

P
g

Fig. 3. Limitation of the distance to be bndged due to phase

/dlstortlon and transltlon time. ‘The maximum distance in

km: 1, = 30.4 v® orl,,’ = 860 .. vy is plotted as a function of the

A cut-off frequency ¥, in ke/s. Below about 5000 km the phase

distortion, and above that distance the transitiontime is the

dlcated

v
’

- With - extremely long® dlstances (>' 5.000 km)

there is an even stricter limitation of the permis- " - .- A

51ble loading. The delay in arrival of the speech

. at the ear of the, one spoken to, due to the finité L
spe¢d of p1opagat10n of the speech frequencies along i
- the cable, may lead to dlsturbances in the conver- -~
sdtion even with. transmlssmn which- is quite free_ )
‘of distortion. When the one speakmg pauses,. for .
1nstance, and his partner asks a. questlon during the b
pause, the question. only arrives after the first -
‘speaker has again begun to talk. It has been shown

statistically that even with a transition time of
0.4 sec disturbances occur during the eonve1satlon

international communication. -Here' again it js not‘"

" a question of phase distortion, but of group tran:
sition time. For loaded lines the followmg holds e
! dpprox1mately for the t1an51t1on time (see equatlon S

' v(7))

- )

The dlstanee whlch can be brldged when the
‘maximum permlssﬂ)le tran51tlon t1me is taken into

con51derat10n is:

l;n';"z‘t;n'w0°.'

Therefore a time of ‘
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With the above-mentioned valué of t, and a cut-off
frequency . 7, in ke/s we obtain for I in kilo-
metres: ) i : '

=860 - 5 - . (10)

This function is shown in fig. 3. The values of I,
for several loadings are indicated in table I

It may be seen: that with distances greater than -
5 000 km loading which is not yet accompanied

- by inadmissible phase distortion already causes
too long a transition time.

Furthermore it must also be taken into account
that in case of insufficient matching or inaccuraté
tuning of the balancing network in the end sta-
tions %) the speech frequencies may be reflected

at the end of the cable,. and then after a certain’

interval return to the speaker as an echo. With a
given intensity this phenomenon is the more dis-
turbing the longer the interval, and forms another
restriction on the transition time °), unless it is
neutralized by means of so-called echo suppressors

- For. these reasons the loading " for linking the .
longest distances ! must be lighter than is prescribed -
by the phase distortion. In loading with 2.8 mH-

"coils which are suitable for the purpose, the -

cut-off frequency is so high that 3 or 4 channels

-may be- mtroduced .above.

the
channel L

4

“Inﬂuence of loadmg on the dlstance between
’._repeaters g ' ‘

© If we compare in ﬁg 1 the above-mentloned 2.8
' mH loading with the heavy loading 177 mH coils,

it .is seen that the advantage to be . derlved
_ from loading, namely decrease’ of the attenuation;

has disappeared for the most part. The dlﬁ'erence-

" from the non-loaded cable does not appear very
great, and it is natural to ask whetherlight loadlng
for long distances really serves a useful purpose.
"Since a change to entirely non-loaded cables offers
much more scope to ca1r1er-telephony we shall
. give briefly the considerations Wlllcll argue for the
'appllcatmn of light load1ng .

The dlstance necessary between repeaters on a

o llne depends upon’ the attenuatlon which may be

l'permltted between two repeaters, and this latter
in turn on the permlss1ble transmitting and re-
) ce1v1ng level. The minimum,receiving level requu:ed
is determlned by d1sturbances
~ restriction is, formed by the noise caused by the
' ‘thermal motion of the electrlclty and the shot effect

’ 4) - See in this connection the artlcle by SIX and Mul d ers clted
in footnote 1). S N

5) The limits of the transition time set by the echo are glven
© in the C.C.L. Whlte Book, part 1 bls, page 148..

K
~

lowfrequency - :

A fundamental
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in the amplifier valves. Of much greater importance,
however, are the disturbances due to induction of
external ficlds (near by high power lines, for in-
stance) and to so-called cross-talk. The latter con-
sists in the fact that the modulation of one conver-
sation, whether or not intelligible as such, also

becomes audible in otller circuits or channels if the .

same cable. ‘
Various causes of cross-talk may be pointed out:

1) the lack of linearity of the loading coils:

2) the mutual capacity between the
pairs of conductors; -

-3) the mutual induction effect.
It is clear that the non-linearity of loading coils

leads not only to distortion of the speech, but in

different

the case of carrier-telephony to cross-talk also _

between the different channels.
‘The harmonics of the speech frequencies occurring
‘in the low-frequency channel fall in the  carrier-

channels, whlle the combmatlon tones of different

flequencles in one carr1er-channel may appear
as disturbances in the low-frequency channel.
The . d1sturbance increases when the amplitude of

the speech currents on the loading “coils in the line -

are increased. In order to keep’ this_kind of cross-
talk -within permlsslble limits, therefore,

- The mautual capacitative and inductive effects of
the ' pairs of conductors is limited as much- as
posslble by speclal constructlon of the cable.’

There are two main types of constructlon In the ﬁrst type
the quads consist of two twisted pairs of wires which are
- twisted together (D.M. cable), in the second type of four

.conductors which are twisted together in such a way that in

a cross section the wires lie at the four pomts of a star (star'

cable). The mutual effects between two pairs and between

, the pairs.and the phantom circuit (see below) are hereby ,". .

very miuch decreased. In order also to limit the mutual
influence between the quads, dliferent degrees of twisting' are

directions of lay for successive layers in the cable

the
transmitting level must not be taken too “high 6).

. chosen for the ad]acent quads in one layer, and oppomte",'f.'

In the case of four -wire lines the most 1mportant L

part of the remalnlng effect is the mutual effect :

of two pairs of oppos1te dll‘CCthn of transmission.

‘This effect will be greatér, the greater the difference =
. of the spcechlevels of the two pairs in question,

The maximum difference in level occurr1ng is equal g

" to the ampllﬁcatlon applled in each repeater station;

in the neigbourhood of a station the outgoing

speech is amphﬁed to the normal transmitting
leyvel, while the i incoming specch has been” subjected

»

9 We hope to return. to these questlons shortly in this '_
. and to discuss particularly measurements’
- /¢ which have been carried out here with an artificial cable.

periodical,

*

attenuatlon by the length of cable through whlch'
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'. as screening to some extent.
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- _ ) " Table Il . -
Attenuation and distance between repeaters in different cz_xhles; for carrier telephony
p. . - | Nowloaded, 40 Ibs cable. Loaded 40 Ibs, cable - . .
Carsier . A :::;;s- Attenuation P.ossible_ C " Attenuation | Possible -
3 I Type of Cable . 1if per km at distance . . ut-o ‘per km' at | distance
ystem o amplifica- . between re- |  T.oadin frequency| , . . between -
~ . highest fre- |- p g ) .| highest fre-
: tion in N .  peaters in . in ¢fs ; ) repeaters
) ’ quency in N km o ) quency in N in km
141 | qengrblevieh “"“‘f"“" ~45 0.00 50 TH2 8000 0.026° | 170 .
N One eable with separated o ' R B 5 H238 21 000 0.065 60
144 | s 740 ou 36.5 ! B4.6 | 23500 | . 0045 .| 90
144 |two cables . ~5,0 . 011 455 .| H28 | 21000 0.065 | 80.

*) rIfhe letter H indicates that the sectien le:ngth s = 1.83 km, the letter B that s = 0.915 km,

it has passed The permissible amplification. is
limited. by this and by the other disturbances
mentioned. The general disturbances by induction
from the outside decrease sharply at high frequencies-

due to the increasing effectiveness of the screening

by the cablesheath. In order to profit from this
property which is very favourable for carrier-
systems with many channels, every. eﬂ'ort is made
to decrease the cross-talk which increases at higher

] frequ(,nmes, by laying the cores of opposite direc-

tions of transmission in quite separate’ cables. But -
" also in the case of one cable for both directions
" cross-talk, even at hlgh frequencies; can be kept

. so low that a satisfactory amphﬁcatlon becomes -
_ possible. To do this the two branches of a four-

wire circuit are not led to pairs of the same quad

but fo pairs which lie in different parts of the

cable. The “pairs which lie between then’ function
Separate groups
are thus formed for the two directions of trans-
mission 7). ' :

Theamammumflpermissible amplification. is given

in table III for several cases. At the same time the
table gives the attenuation per km of a non-loaded .
.cable with 401bs conductors for the highest frequency.

to be used i.e. 5700 c/s with the 1+1 system -

and 15 700 c/s with the 144 system of table I:

' From this follows the necessary distance between

the\repeaters which is gix;en in the next column.

The normal distance between repeater stations '
for voice-frequency telephony is about 80 km with
" four-wire repeaters and 20 lbs conductors. Tt may
“be seen from the table that even with 40 lbs con- -

ductors the repeater stations of a non-loaded
telephoné line cannot be placed at this distance.
Even with 55 lbs conductors which make the cable

7) If necessary, cross-talk can be further reduced hy means
of specml compensating networks.
i

quite expensive, this distance is not reached. If it
is desired to usé¢ a normal distance between the -
repeaters of about 80 km — and this is des_irable
for economic and practical reasons — thé attenuation
of the cable must be reduced by suitable loading.
The values for this. are also given in table III. It
may be' seen that ‘a distance between repeaters
of 80 km is made possible by the loadlng Only
in the case of the 144 channel system in one cable
the attenuation is'still too high when the coils are -
placed at intervals of 1.83 km. In this case there-
fore heavier conductors would have to be used or
a shorter section length, for instance 0.915 km.
Summarizing, we may say that loading with light

- coils suchi as those of 2.8 mH may be desirable and .
. economical 'for long distances. '

Dlﬁ'ercnt carrier-systems

While it has been found that for long dlstances
only a light loading is desirable, and that with
this loading carrier-telephony can be applied
without making any ‘sacrifices, the decision is not’
so simple for short distances. A comparison of
several systems will show the truth of this state-
ment. The cable loaded with 2.8 mH coils gives an
attenuation of 0.12 N/km with 20 Ibs conductors
in the “flat” region (see fig. 1), that with 177 mH
coils gives an attentuation of 002 N/km. This

. means that with .the light loading in question .

the distance between the repeaters along the hne
would have to be six times as small, or the copper -
weight six times as great as with heavyloading.
However, what is lost, in a manner of speakmg,» :
in the height of the attenuation curve, is regained in
the width of the flat region, by the possibility of
more channels. With 2.8 mH loading, 144 channels
can be used for every pair of quads. With every quad,

. however, there is an extra connection available,

namely the phantom circuit where the two con-
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- "ductors of “one direction of transmission are used
together once ,more, as a conductor, see fig. 4
Because the increasing cross-talk with hlgher frc-

_quencies between’ the phantom and the main

A sea,::% =
W EE
{3 P

29888

Fig. 4. One twin-core conductor provides three circuits:
two main circuits 4 and B and the phantom circuit C.

circuit it is practically impossible to introduce more
-than one carrier-channel on these phantom cir-
cuits, so that only the 141 system can take advan-
tage of this extra circuit. Two pairs may therefore
provide three fourwire, connections (two main cife-
cuits and one phantom cu‘cult) with 177 mH c¢oil
loadmg 8); -with 22 mH there can be six, smce in
" each connéction there .can be one more “carrier-
channel and with 2.8 mH there can be ten (by
apphcatlon of the 1-}-4« system in which the use of
phantom clrcults is no longer possible).
Over agamst this advantage of carner-telephony
is the necessity ‘of more equlpment in the terminal
. statlons, ,whlch especlally in' the case ., of ‘short
cables, may constitute an important part of the
total expense. No general conclusion is possible
" which would point.out a definite system as the
most economwal one, but for each case it isnecessary
to balance the dlﬂ'erent factors against each other."
The decision will often be influenced by the prés-
.ence of other lines on the traject in question and
by“the prospect of later expansion.

. -With multi channel carrler-systems still other

8) The phantom circuit is of course again loaded, and in .

such a way.that it i$ given the same attenuation as. the
main circuit. Since the ohmic resistance of the phantom
circuit is about one half and the capacity less than twice
the value in the main circuit, a smaller self-induction of
the coils is sufficient, for instance 63 mH, with 177 mH
in the main circuit. In this way one arrives at at coils
of 177/63 mH, and in the same way at 22/9 mH in the
following case.
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factors pday a part. In\_Englahd for example a
12 channel system is used for which frequencies up

to about 60 kilocycles are necessary. The very high
cut-off frequency required immediately excludes
the above-mentioned normal loading, especially
because with the ordinary section-length the neces-
sary” self-induction per section would already be
smaller than the self-induction of the cable itself.
Only. with section-lengths reduced to 1/; or less,
loading would provide any advantage in copper-
weight or repeater-distance. It is, however, simpler
in this case to use non-loaded cables. At the same

_time the latter have the advantage that when

expansion  of the number of calls becomes necessary,
there is no sharp cut-off frequency which prevents
increasing the number of channels.

Another example is the 9/17 channel system,
developed by Philips. Frequencies up to 72 kilo-
cycles arc used. If 9 channels arc included in
this frequency range with a carrier-spacing of

8 kilocycles, the advantage is obtained that con-
siderably simpler filters can be used for separating -
the channels. In the same frequency band, however,

17 channels can be 1n(,luded with carrier spacmgs
of 4 Kkilocyecles. _ :

‘When non-loaded cables are used more care must
be_ devoted to removing the linéar distortion by

means of balancing networks, as may be seen in °
fig: 1.-At high frequencies the attenuation ciurve

becomes flatter and flatter, which is understandable

_ since ,at higher frequencies the condition wL>R °

for formula (3) is automatically more and’ more
satisfied. Balancing is therefore easier here. It is

"most difficult in the voice frequency region, espe-
cially in the case of long cables, bec<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>