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The invention relates to mlero-chronometers,
in particular for landing altimeters on alrcraft
for measuring the altltude by means of sound
waves by the echo sounding method, having a
time-giving member which moves to and fro or
rotates at a definite speed and the position of
which with respect to the inltlal or zero posltion
is shown at the end of the time to be measured
by the echo or other phenomenon, by a vislble
indication on a scale calibrated in time or dls-
tance units.

With the known micro-chronometers of this
nature, the Indicatlon is always only visible for
a vely short tlhime determined by the duration of
the echo impulse or other phenomenon. This
makes the observation very difficult.

In measuring by the echo sounding method,
attempts have already heen made to create the
impression of & continuous indication by increas-
ing the rate of the sounding sequence. This
process can only be used, however, with advan-
tage when the time of transit of the sound is
short.

It has also been already suggested to attain a

permanent indication by retaining the indica-

tion caused by the echo during the period up to
the next echo impulse. This retention was oh-
tained by a condenser which was brought by the
echo to a potential corresponding to the time of

transit of the sound, this potential being taken :

from a condenser discharging from the Instant
of the emission of the sound. This solution 1s
nhot, however, advantageous, as a sufficient accu-
racy catnot be thereby attained, since the ratio
of magnitude of the condenser giving the poten-
tial and of that taking the potential cannot in
Practice be so increased that the potential of the
large condenser is not markedly varied by what
is taken from it by the small condenser. Fur-
thermore, the small condenser cannot be made
as small as desired, since with a slow sounding
sequence the potential of the small condenser,
even when using a volitmeter (tube voltmeter)
of very high ohmic resistance, Is reduced by the
current discharge.

A process for echo sounding s also known In
which a stop-watch 1s used which is stopped by
the echo, and remains stopped up to the instant
of the next sound emission, when 1t moves again
during the period of transit of the sound so¢ that
even though there is a more or less long stop-
page of the indication, no permanent Indication
is attalned.

All these drawbacks are obviated according to
the invention in that, using a mechanical, e. g.
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reciprocating or clrcularly moved time-glving
member, the visible indication 13 maintained
throughout the duration of the echo Impulse and
is only extinguished by a device actuated by the
following echo. In this way, a permanent indi-
cation is attained without, however, the indica-
tion suffering a loss in accuracy such as occurs
with the known permanent indication with con-
denser discharge. A relatively large number of
mechanical or optical indicating members are
preferably arranged distributed over the scale of
the indicating appliance, and are so connected
with a relay arrangement actuated by the echo
impulse that, on the arrival of the echo impulse,
only the indicating member allocated to the posi-
tion then reached of the time-giving member 1is
displaced by the controlling time-giving member
into the indicating position or indicating cgondi-
tion, all the other indicating members belng
meanwhile brought into the position of rest or
retained therein. The indicating members may
consist of gas-fllled luminous tubes or luminous
tube elements with auxiliary electrodes arranged
in a common vessel, which tubes or tube elements
on the arrival of the echo are all at first tem-
porarily switched off by the closed-eircuit cur-
rent potential, whilst that luminous tube or lu-
mincus tube element, which is allocated to the
positlon occupled by the time-giving member on
the arrival of the echo, Is set with its auxiliary
electrode at an illumination potential.

When using a relay which after a brief deflec-
tion returns into its Initial position, the 11lumina-
tion potential can be retained on the auxiliary
electrode by a condenser until the closed-cireuit
current potential is agaln applled. It is natu-
rally also possible by different change-over times
of two relay contacts to keep the ignition poten-
tial on the auxillary electrode until the closed-
circult current potential is again applied to the
tube.

A relay can also be used with advantage which
is provided with a number of actuating members,
corresponding to the number of the indicating
elements, which are so influenced by the time-
giving member that on the arrival of the echo
impulse only that actuating member correspond-
Ing to the position then existing of the time-
giving member is brought or held In the indi-
cating posttion, whilst the other actuating mem-
bers are brought or held in the position of rest.
A suitable embodiment of such a relay can be
attalned by the actuating members being 50 mov-
ably carried as armatures between the two poles
of an electromagnet, that in both terminal posi-~
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tions they are closer to one pole of the magnet
than to the other, and that constantly a piece
of soft iron carried by the time-giving member
circulates hetween the actuating members and
the remoter magnet pole, in such manner that
on the excitation of the magnet by an echo im-
pulse, only that actuating member which is oppo-
site the piece of soft iron is drawn towards the
remoter magnet pole, all the others being drawn,
on the contrary, to the nearer magnet pole. The
actuating members of the relay can be held in
the fresh positlon produced by the echo, by their
own gravity, by frictional! forces or by other
breaking devices even after the expiration of the
echo impulse, and in this way be specially used
as indicating members, preferably in the form of
light bafles. In this way, any electric switching
operation either by the time-giving member or
by the individual relay members is entirely
avolded.

Various ways of carrylng out the invention are
iBustrated disgrammatically in the acompanying
drawings, in which:

Fig. 1 shows a circult arrangement with gas
discharge tubes as indicating members,

Figs. 2 and 3 show an Indicating device with
indicating elements arranged in a common ves-
sel, in cross-section and plan respectively,

Pig. 4 is an axial section of a third emhodi-
ment of the indleating apparatus,

Fig. b is & cross-section on the lines A—A of
Fig. 4,

Filg. 8 shows & fourth embodiment with the
time-giving arrangement and relay developed;
and

Fig. 7 shows a fifth embodiment pactly in
section.

The devices shown may, for example, be used
for determining the altitude of flight on alr-
craft by the echo soumding method. In the
scho-method, the time between the emission of
the sound impulse and the return of the echo
is determined. The arriving echo in this case
releases an electric relay arrangement whereby
8 vislble sign is produced on the scale of the
indicating appliance.

There 15 used as the relay in the first embodi-
ment shown in Pig. 1, a micro-chronometer with
two sets of contacts. The two moving contact
arms ¢ and b of the relay are connected with
the two terminals of a source of potential. In
the position of rest, this potential is applied
across the contacts ¢ and d connected respec-
tively to the anode and cathode of a number
of gas-Alled lumincus tubes f which are con-
nected in parallei and are arranged distributed
over a circular or rectilinear scale. On the ar-
rival of an echo, all the tuhes f are, as will easily
be seen, simultaneously disconnected from the
source of potential ang the relay arm a con-
nected with the positive pole strikes against a
contact g which, through a contact arm h rotat-
ing with uniform speed and a collector 4, is con-
nected with the grid k of a tube /. The contact
arm rotates in synchronism with the sounding
sequence. If produces on the emission of the
gound the connectlon with that tube f which is
in the zero position of the scale. The grids k
of the tubes f are connected not only with the
eollector i but slso each through a condenser m
with the negative pole, 'Thus, on the arrival of
an echo, the condenser m of that tube which is
just at this Instant connected through the ccl-
lector i with the rotating contact srm R is
charged. On the refurn ¢f the contact levers
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¢ and b of the relay into the initial position
(e, d) a potential is again applied to the anode
and cathode of all the tubes. This potential is,
however, so slizht that i{ does not normally cause
the tubes to light up. Only that tube the grid
condenser m of which has obtained patential
through the collector i and the rotating contact
arm R is now illuminated. Immediaiely after
tlte dlumination of the tube, the potential on
the grid condenser m agaim collapses as this po-
tential can no longer he maintained on the flow-
ing of the closed-cireuit current. As socn, there-
fore, as a fiesh echo arrives and the relay re-
sponds, the previously illuminated tube is also
extinguished and, en tlie return of the relay into
Its position of rest, only that tube can agcain be
ignited the condenser of which is again brought
to illuminaticn potential through the collector i
and the revolving contact arm h.

It is advantageous to use the negatlve bhiue
glow for the indication, since only a compara-
tively small potentizl is necessary for its pro-
duction. Instead of a large number of separate
luminous tuhes, there may be provided individual
luminous tube elements which, as shown by Pigs.
2 and 3, are arranged in a common vessel n.
This vessel is subdivided by partitions o into
separate eompartments. By means of separate
asuxiliary electrodes p introduced into the cham-
bers and to which an illuminating potential can
be applied in the same way as Lo the grids of
the circuit arraprgement of Fig, 1, the negative
blue glow can be produced separately in the In-
dividual chambers,

Figs. 4 and 5 show an arrangement in which
the relay has a large number of actuating mem-
bers, which themselves act as indicating mem-
bers. These actuating members consist of sepa-
rate small reds ¢ movable in brass tubes s or
similar guides, between the two poles g and 7 of
an electromagnet, Mere, the travel of the rods
t is so limited by the ends of the guides s that
the rods are, in both terminal positions, ecloser
to the one pole ¢ of the electromagnet. If, con-
sequentiy, the elestromagnsgt is energised on the
arrival of the echo, the rods ¢ which consist of
ferromagnetic material are always mere strongly
attracted by the pole g than by the pole r. This
halds good for sll the rods ¢ mrranged in the
clrcumference of the magnet with only one ex-
ception. Between the rod guides s and the fur-
tl}er magnet pole r, there rotates consinuously
W_Lth uniform velocity a piece of soft iron (pole
biece u for 7), corresponding approximately to
the size of one of the rods . By means of this
pleg:e of soft irom, the distance of the rod i,
which is at the position in question, from the
magnet pole r is, contrary to all the other rods,
smaller than the magnet pole g, so that this
ong rod is attrzeted to the opposite sige to gll
tie other rods. In the guides s are formed ra-
dially extending apertures » behind which is a
source of light w extending round and contin-
uvously illuminating the whale eircumfsrencs. As
can easily be seen, the luminous openlng v is
always only left free by that rod £ which at the
instant of the arrival of the echo is opposite
the revolving piece of soft irom u, vide rad ?
in Fig. 4 at the top.

To strengthen the action, there could if neces-
sary be allocated to the revolving pole plece u
a further ring-shsped pole piece revolving in
front of the other megnet pole g and having a
gap at the position of the pole plece u.

The rods t, slnce they are all carried horj-
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zontelly, remaln by thelr own weight in the fresh
position produced by the echo impulse until the
next echo arrives. If necessary, further separate
braking devices could be provided in order to en-
sure the terminal position at any tlme reached
by the rods t. There is also provided for ob-
serving the luminous beams which are radially
directed outward through the openings », an an-
nular mirror z Inclined at 45°, which deflects the
rays of light from the radial direction through
p0° into the axlal direction.

It Is furthermore also possible to use the rods ¢
of the arrangement according to the Figutes 4
and 5, not as light bafiles but as actuating mem-
bers which switech on and off the current clrcuit
releaging the Indication. Fig. § shows an exam-
ple of this where the relay, for the sake of clear-
ness, 1s shown developed. In this case a sult-
able potential Is applled to each rod or actuating
member ¢, for example through a potentlometer
¥, and In such manner thet the lowest potential
is applled to the actuating member or rod In the
zero position, and to each subsequent one a regu-
larly Increasing potentipl. Instead of rods, levers

can be used which can be drawn through an un- ..

stable central position towards one or other ter-
minal position. There ls here used as the indi-
cating member a voltmeter 2 which I3 preferably
strongly damped, and has a small natural oscll-

lation perlod but which need not be of great ohmle -

resistance. If this voltineter, as in the example
fllustrated, 1s made In the form of a pointer in-
strument, it is advisable for steadying purposes
to arrange a condenser in parallel with the volt-
meter,

The improved appliance is particularly suitable
for use as 8 landing altimeter for alreraft since
it is distingulshed by an especlally simple and
eagy construcilon and ensures the continuous In-
dicatlon specially desired by alrcraft. But the
improved process and the device can also be used
with advantage in combination with other echo
sounding installations. The circuits according to
Figs. 1, 2, 3 and 6 have the further imporiant
advantage that they permit the separation of the
time-giving mechanism and the actual indicating
appliance, so that only the actual indicating ap-
pllance need be fitted at the observation post,
whilst the time-glver can be mounted at any
other posltion more favourable for operation and
space utilisation.

Fig. 7 shows & modified form of the relays used
in the arrangements according to Figs. 4 to 6.
In this embodiment a supplementary winding wl
and w2 is provided through which a continuous
cutrent flows and a polarisation 1s attained In
order to ensure a secure holding of the actuating
members in their terminal positions, Further-
more, with this embodiment, there are provided
two separate magnetic circuits. The relay con-
sists of an inmer clrcular magnet of double-T-
shaped cross-section and an outer magnet of
U-shaped cross-section annularly surrounding
the former. The windings wl and w2 have a
magnetising action in such sense that Ilke poles
of the two magnets are opposite each other. The
actuating members &l are osclillatably carried
between the two North poles in such manner that
they lle In one terminal position In the circult of
the inner magnet, and In the other terminal po-
sition In the circult of the®outer tnagmet. In
order to attain a good magnetic closed circult and
a powerful attractive action on the oscillatable
armatures ¢ there are provided between the poles
of the Inner and outer magnets ring-shaped mag-
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netic ¢losure members I and 4 respectively. These
members are of different length, so that in the
range of osclllation of the armatures {1 there are
air gaps of different length. There are provided
on the two magnetic closing members, windinegs
sl and s2 which are excited by the echo impulse
to the same extent and in such manner that they
asslst the windings wi and w2 of the correspond.
ing magnetic circult. In front of the magnetic
closure member ! of the outer magnet there re-
volves with uniform veloclty a plece of soft iron,

The armatures i, gs Is clearly seen, can only
be held in the two terminal positions, since In the
central poaition shown on the drawing they as-
sume an unstable equillbrium and by the mag-
netic attraction of the two magnets are elther
attracted Inward or outward. Let it be assumed
that all the armatures are located In the clreuit
of the Inner magnet. On the arrlval of an echo
impulse, all the armatures will remain in thelr
inner position. Only the one armature which is
just opposite the revolving plece of soft iron ul
will be drawn out of its inner position Into the
circult of the outer magnet. It also remains In
this posltion, since the polarisation of the outer
magnet suffices to retaln the armature in its
position. On the next echo impuise, however, the
attractive force of the Inner magnet suddenly
preponderates in such manner that the armature
is again drawn back Into the cimeult of the inner
magnet, assuming that the rotating plece of soft
iron is this titne in some other positlon.

The polarisation could alternatively be obtalned
by the use of permanent magnets instead of by
supplementary windings wi and w2. It would
also be possible to combine the two ring-shaped
closure members ! and 4§ Into a single closure
member and to cause the plece of soft iron of
the time-giving member to rotate beiween the
poles of the two magnets as with the embodl-
ments according to Flgs, 4, 5 and 8. Further-
more, Instead of oscillatable armatures, displace-
able ermatures could be used. The arrange-
ment of osclllatable armatures has, however, the
advantage thet with the arrangement of a weight-
equalising counterpolse arm, the Influence of
gravity on ihe position of equilibriurn can be en-
tirely excluded, so that the arrangement works
properly in any desired position (arrangement in
the centre of gravity). The counterpoise arms
can, as shown In the embodiment llustrated, be
provided with vane-like bent parts which can be
used directly as Indicating members and can co-
operate with a suitable circular scale. If it is
desired not to mount the relay with the time-
giving member and its drive at the observation
position, the relay, on account of the contact
pressure attainable, 1s nevertheless also suitable
to a speclal extent for the remote control of the
actual indicating device, the armatures ¢I being
used as switching members for electric cur-
rent eircults in & manner similar to that shown
in Fig. 6.

The difference of the magnetic forces acting on
the relay members, Instead of belng attalned by
different widths of the air gaps, can also be at-
talned by correspondingly different construction
of the magnet windings wi and w or, if a pre-
ponderance of the magnetic force in one or other
direction is only desired for the instant of the
echo impulse, by different construction of the
windings sl, §2 traversed by the echo impulse,
The necessary difference in the ampere turns can
obviously also be attained by a different current
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distribution instead of by & carresponding num-
ber of turns.

In particular with aizcrait echa sounding dou-
ble echoes which interfere with the indieation
frequently aceur as a result of multiple reflection
ketween the winegs ahd the surface af the earth.
To prevent suchy double or other interfering
echoes following the first useful echo from sup-
pressing the true indication ang being thexselves
indicated, & device is provided which, is actusted
by the first echo arriving after the emission of
the sound and msakes the indication of the subse-
quent echoes impossible until & {resh sound emis-
sion. This may be obtained, for example, by a
relay actuated by the first echo which switehes
out the amplifier of the echa soumding device.
This relay must only be reconnected on the next
emission of sound. In this way, the result is at-
tained that an indieation of the first echo is not

affected by further double or interfering eehoes, .

whi¢h is naturally of special imporiance in con-
nection with the present comlinucus indication
methed.

Naturally, the invention is not restricted to the

eXamples shown, but many modifications and .

other designs are possible. In particular, instead
of the light indication, an indication could be
given by meehanical members such as tohgues,
pointers or the ike. In the embodiment accord-
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Ing te Piga. ¢ and 5, instead of interposing a soft
irons pole plece, A preponderanhce of the maghe-
tism onx the ome side eould also be atiained im a
different way, e. g, by a permanent magnet or
by an electromagnet excited by the echo impikse.

Using the potential method according to the
example ilmstrated in Fig. 6, the potential given
by the poientiometer to the volimeter at the In-
stant of the eeho impulse could be retalned by a
single condenser conreected in parallel with the
voltmeter instead of by a special relay contact.
A relay with 2 number of movable contact mem-
bers ecorresponding to the number of the de-
sired indication valies would then noe longer be
neeessary, but & normal relay ecould be used, the
moving eontaet member of which on deflection
would apply the potential controiled by the time-
giving member for a short Interval of time to the
condenser in parallel with the voltmeter uyndtil
this has taken up a charge correspending teo the
new poatential and has then again returneg into
its initia}l position. It is possible to use & con-
denser which is so large that its potential does
not appreciably vary in the intervel of time be-
tween. two echoes due te the loasd caused by the
voltmeter. Preferably a high ohmic voltmeter is
used.

ROBERT WELLENSTEIN.



