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e O \ I DISTANCE MEASURING DEVICE. - ' :
i T "\ L " Ernst Norrman, Delavan, Wis.

St

Application December 23, 1940, Serial No. 371,454
' 9 Claims. (CL 177-386)

‘Ttis inventlon relates to a distance-measuring . elastic medtum such as air or water, since these
device, and more partjcularly to means for pro- . waves travel at a considerably slower rate than

viding a continuous automatic indication of a do electromagnetic waves. Moreover, the propa-
distance measurable by the propagation and re- gation of the wave may be either at a point re- -
ception of waves. -5 mote from the reception point, or immediztely
One feature of this invention is that it auto- adjacent the rezeption point. In the latter esse,
matically provides a continuous indication of a cf course, the wave makes a round trip and al-
distance, the indication heing continuous in the lowance miist be made for the fact that it has .
sense that the distance at any instant immay be twice traveled the distance desired to be meas-
determined merely by glancing at the indizeting 10 ured. This latter system, taking advantage of
portion of ihe device and reading the distance echo or reflection phenomena, Is particularly
from caliorations from a scale thercon, there be- adapted for use in determining the depth of wa-
ing no necessity for manual manipulation of ter beneath & toat, for example, It will be under-
- anything, or any calculations; another feature = stood, however, that the princizles here enun-
of this invention is that it sutometically com- 15 ciated, in the apparstus described, are equally
pensates for mimite time variations in the propa- applicabie to determnination of distances in air,
gatlon of the wave being used for the measure- as from a ship to a cliff or ice berg, or from an

ment, and jn receiving and amplifying such wave: airplane to the ground, by use of any form of

. yet another feature of this invention §s that it is WAave,

readily adapted to provide a highly sccurate per- 20 In the particular embodiment of my invention
meanent record of ii.e distar.ce belng measured; fllustrated in Figures 1 sud 2, 8 motor {0, prefer- --
other features and advantages of the inventicn ably incorpurating sy-ed rveducifon mechanism,

. will be apnarent from the following speciﬂcation rotates a shaft {1 at some approximately fixed

and the drawings. in which: rate, which may for example be one revolution

Figure 1 is an illustration, principally dia- 25 per second. This shaft drives a cam 12 and,
grammutic, of one form of my {nvention; Figure throuvgh a friction ciut:h 13, a rotating member
2 iIs & detail vertical sectionai view of the in- or electromagnet 4. ‘The rota’ing electroniag-

dleating portion of the apparatus; Tigure 3 {3 a net Is rigidly mounted ¢ the ssme shaft carry-

dingrammatic showing of a modified forn: of my irg an armature {§ cooperating with the first
fnvention; Ifigure ¢ Is & plan view of the per- 30 electromagnet 16. This electromagnet {s fixed

.manent !'(.‘u."d provided by the apparatus shown . in the sense that it does nct rotate during op-

in PFigure 3; Figure 5 i3 a schematic representa- eration of the device; but manual adjusting
tion of one use to which my inveniion may be means, comprising the rotatable knob 17, the
put; Figure 6 is a schemaiic shewing of an em-  shaft 18, and the gears 19 and 20, eneble ad-
bodiment of my invention particularly intended 35 jusiment of the position of the flrst electro-

for this latter use; Figure 7 is a disgrimmatic magret {6 to enable preper Initial zero setting
showing of an embodiment of my invendon par- of the indicator, as will be hereafier described,
ticularly desivned for measurement of relatively That rart of the device which  may more

long distances; Figure 3 {s an fllustration of a properly be termed the indicating means fa-
use of my apparatus: Fgure 9 is a schematic 40 ciudes a pointer or indicating means 21 and

showing of another form of my icvention; avd an armature 22, both r.gidly mounted on the
Figure .10 i3 a showing of a preferred form of rotatable shaft 23. Tre indicator needle is
corrector magnet and cooperating armature. -adapted to cooperste with & graduated scale 24;

The measurement of & distance by the propa~ and the armature 22 is within the fleld of and.
gation and recept.on of waves is not new. Waves, 45 adapted to cooverate with the poles 25 and 28
whether they be eiectromagnetic (ss light or ra- of the rotatable electromsagznet 4.

. dlo waves) or mechanical (as scund waves), Referring now more particularly to the system

travel at 2 Xnown speed in the medivin in which as a whole, rotation of the cam 12 periecdicelly
they ar: propegated. If the instant of pTopasa- closes the input circult of the signal generator
tion cf a wave is kr:>wn the thae intaival elapeing & 27, which in turn causes propagation of the de-
before the reception of the wave jnovidcs an in- sired wave from the transmitter 28. For pur-
dicatioii or measurement of the distance it trav- poses of illustration this wave Is assumed to be
eéled. \While this principle may be ut'lized in cone a sound wave propagated in water. At the ine
nection with any form of wave, it is particularly stant the wave s propagated it is picked up by a. .
feasible to make use of mechanical waves in an 88 microphone 28 and dedvered to the input of ame

~

. . . . . .
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" in place.

© aagnet (6 would first be set so that, at

2' - Fare ssaoaao

'pllﬂer 30. It wm be notad that contacts 31 and

32 keep the microphone 28 short-circuited ex-
cept at the instant of signal propagation, when

“these contacts ar» separated by the cam at the

same time it clsses contacts 33 and 34 in the in-
put clrcuit of the signal generator. The ampll-
fier is preferaoly of the Lype which provides,
upon each actuatien, only a single very brief
electrical impuise. Such an amplifler is illus-
trated, for examplz, In my Patént No. 2,058,616,
or in Turner Patent No. 1,794,502, “X'len this

-impulse passes through the coll of the fixed

electromagnet {6 it lincs up the arnnature 1§
therewith, even if such armature should at that
instant be slightly ouvt of line with the poles of
the fixed eleciromagnet. The friction clutch 18
has sufficient power normally to hold the arma-
ture 15 in rotation with the shaft 1§ but it per-

" mits relative movement under {inpulses of the

electromagnet (6 when the armature {5 is cut
of step with sald impulses. Thus this correct-
ing imrpulse comper.sates for any delays or ir-
regularities which might be present in th: gen-
eration of *he sound wave, for example, caus
fng the rotating elcctromagnet 4, rigidly
mounted on the same shaft as the armature 15,
to be exsetly synchronized with the perfodic
sound propagation.

Assumning that the sound wave then travels
down to a reflecting surface in the water, as the
sea bottom over which the ship is traveling, it
will soon return by refiectlon to the neighbor-
hoed of & point of origin, and be recelved by &
second microphone 35. ‘This microphone is con-

" nected to the input of a second amplifler, here

indicated as 36, relay apparatus 37 being se
arranged as to prevent operation of this circuit
at the time of initiation of the wave. The sec-
ond amplifter is preferaebly {dentical with the
first amplifier, so that any lags or differentiztions
introduced in one will be similarly {ntroduced in
the circuit of the other. The elecirical {mpulse

"fn the output of the second amplifier, occurring

when the refiected sound wave is received, is then
delivered by any appropriate means, as brushes
and slip rings, to the coils of the rotating elec-
trornagnetic member 4. There Is thus gene-
erated in this electromagnetic member an elec-
tromagnetic fmpulse at & tiine interval after
that created in the first electromagnet, the time

-interval corresponding to the distance through
_which the wave traveled to the sea boitom and

back. .

The shaft 23 carrying the indicator hand 2!
ard armature 22 is preferably frictionally held
Tris friction is so arranged, by any
desired adjustable means, so as to be not so great

“2s to prevent the armature ¢2 from moving into

alignment with the poles 25 and 26 of the rotat-

" ing electromagnet when it is momentarily ener-

gized; but the friction shculd be sufficient to

. prevent the parts 2§ and 22 from vibrating ot

of position, or from cverrunning the desired post-
tion when they are moved by enerzizaticn of
the electromagnetic member {4,

10
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In operation the positlon of the fixed elxctro-

e pre-
cise instant of propegation of the sour:i wave,
the alignment oi the ratuting electromagnet
tiaerewith would bilr, the poles 28 ano 26 to
such a position that, if the aimatire 22 were in
alignmment therewith the indicator hand 2t
would point to zero on the scale 24. The amount
of rotation of the rotating electromagnetic mem-

- Ler 14 Irom this posxtion Xs a Iunouor: of the time

70

18
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it ta;:ﬂs the sound wave to travel to the bottom,
be reflecied, and return ‘o the microphone 35;
so that when the irapuwse from the second amn-
plifier energizes the rotating electromagnet the
point to which the indicating hand is puiled is
a funcion of this time interval, and thus of the
disiance of the bottom beneath the ship. The
spced of travel of the wave in the particular
medium, as a mechanical sound wave in water,
being known, the scale 24 may be calibrated
directiy in this distance, With a shaft rate of
rotation of one cycle per second the distance
which could be indicated would have to be less
than half the distance the wave would travel
in water in one second. In the case of water
this would be a little in excess of four thousand.
fect per second. Should it be desirable to
measure greater distances it s only necessary
to rotate the shaft at a slower rate. and prefer-
ably to use a plurality of indicators, as will be
described later,

It will be apparent that as Iong as t‘xe motor
10 operates, impulscs will be sent out about once
a second, and once each second the position of
the indicator hand 2! with reference to the
ce.lbrated scale 24 will be corrected to provide
& proper indication of the distance of the sea -
bottcr beneath the ship at that instant. A con-
tinuous visible indication is thus affordad, it be-
ing only necissery to glance at the indicator at .
any given tlme to know the depth of water be-
neath the ship at tihat instant. If any other re-
flecting surface should be interposed it would,
of course, lmmediately reflect upon the indi-
cator. That s, if the ship should be in water
several thousand fcet deep, but should pass
over & submarine &t a depth of two hundred
feet, the. reflection ¢f the wave from the sub-
marine before {is reflection {from the sea bottom
wouid cause an indication of its presence.

The epraratus described above would, of
course, read the distance frcm the apparatus to
the reflecting surface, as thie sea bottom. If the
apparatus is located above the bottem of the
ship it is only necessary to move the scale bodily
a corresponding distance, whereupen the pointer
will give a direct indiceticn of the distance be-
neath the bottem of the ship. One way of ac-
umplmhmg such a correctlon is shown in my
Patent 2,188,059,

My 1mention is equam aphlicable to means
providing & ccniinuous pern anent record, as is
fllustrated in Figures 3 and 4. In Figure 3 per-
manent recordinz apparatus is shown In the
form of a arum &0 provided with a helix of wire
41 on is surface and adapted to cooperate with .
a mechanically actuated printer bar 42. A strip
of paper, as for example the strip 43 shown In .
Figure 4, is adapted to be passed between the
drum and the prirter bar at a steady but rela-
tively slow rate. Any energization of the mag-
nelic means associated with the prinier bar
causes a mark on the paper at the particular
point at which the wire helix happen: to engage
the paper beneath the printer bar a1 such in-
stant. 'X‘H= wx rmanent recording device may,
{for examp. -, be of the same general type as is
shown in Yo.mg Palent 1,957,072,

In the operation of the apparatus shov;n ia
Fisure 3 a station at some remote point, as 2
lighthouse, is provided witis a motor 44 d:iving
two cowmutaters or can arrangements 45 and
45, causing periodic simultaneous actuation of
redio transmission means 47 and signal gener-

‘ating and socnd traasmitting means 48 and 49,
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The boat or other movlng body chluces a molor
§0 rotatable in substantial synchronization with
the periods of propagatioa of the wave from the

remote point, and couplid through a friction:

clutch 81 to a rotatable unit includding the pre-
viously mentioned drum 48 and an armature 52.
The armature 52 rotates within the fleld of a
fixed electromsgnet £3, and thls electromaznet
is adapted to te energized with an impulse of
very bricf duration, by radlo recaiving and am-
plifying means 54, upon recepticn of the radio
wave. at the boat. The rotation of the drum 4t
is thus exactly synchronized with the propagn-
tion of the waves at the lighthouse or other re-
mote point, any time required {or the radio wave

. to travel the distance belng negiigible for all

" reflecting surface, as the bottom of tha <ea.

practical purposes.

A microphend 8% is provided for reception of
the sound wave, and this is then passed through
an amplifier £6 to provide an electrical impulse
of brief duration coincident with the reception
of the sound wave at the ship. 1t s this latter
impulse which actuates the electromagnet mov-
ing the printer bar 42.

It will be understood, of course, that this gen-
eral system of providing 8 permanent record i<
.equally adaptable to use with the same general
arrangement disclosed in Figure 1, another meth-
nd of wave progacation being shown merely to i1-

- Justrate the various ways in which my inven-

tion may be used. That s, it will be understood

- that a mechanrical wave could be gencraird on
* the ship or other moving bedy and the rate of

rotatfon of the drum synchrenized with its proo-
agation by a microphone and fixed sound am-
plifier, as shown in Pigure 1:; and then the in-

- stant of reception of any reflected portion of the

"mechanical wave wculd be indicated on the ree-

. ord strip by oreration of the printer bar uoon

reception of such wave, the printer har in such

. arrangement being Indicating nieans replacing

the pointer and graduated scale of the first em-
todiment of my Invention.
iIn either eveni, a record may he formed of

" the kind shown in Figure 4. The dofted Lne 51
- is the zero or reference line, and the marks mak-

ing up the line 58 show the distance from soime
It
any unusual diference in time travei i5.pres-
ent, as might be caused by earlier reflection of
the wave from a steepsided reef or from e sub-

© merged sub’nar*ne it will be indicated as by the

portion §8.

Another embodiment of my fnvention Is il-
lustrated in Figures 5 and 6. In this case my in-
vention iIs-used to provids d& continuous auto-
matic comparison of the distance of a moving

" body,. as the ship 60, from two points. as for ex-

“ample the marker bucys 61 and 62 v opposite

_ sides of 8 channel.

:  As is better shown In ‘“xgure 6, ench buoy 1aay
" be provided with radio receiving and sound trans-

. mitting apparatus, as the receiver §3 and sound

“transmitter 64 in the buoy B, and the receiver
65 and sound transmitter £6 in the buoy A. These

" ! sound transmitters are so arranged as to provide

- two different signals over readily separable fre-
i quencles.
The ship is provided, as before, with a motor

. 81, rotating cam mechanism 68 friction-coupled -

. to a rotating unit including the clectromagnet
- 69 and armature 10. Upon each rotation of the
- cam unit 8 radio signal is sent out by the trans-
. mitter 7§ which is received at the buoys and
i initiates simultaneous sound transmission there-

1

3

. with rec

0

0

33

4

o

0

N

S

0

65

Zrom Tha sound {rom the buoy A, for example,
18 picked up by & microphone 72 on the ship and
passed throug? a sound recelver and ﬂ]tpr {0
provide en elzctrical impulse of very brief dura-
tion energizing the fixed magnet 713.- The rota<
tion of the rotatadle member, Including the elec-
tromsagnet §9, will thus be exactly. synchronized
eption of the sound wave from the buoy
A to provide a zero reference. The sound from
buoy B, on the other hand, Is picked up by the
microphone 74, passed through another sound re-
celver and filltar, and a brief electrical impulse
colicident with the reception of this sound is
supplied to the electromagnet §%. As will be un-
derstood {iom my earlier description, this causes

.the indicator needle 15 1o assume a position with

reference to its cooperating scale which depends’
upon the time interval between the synchronizing
end indlcating impulses. As long as the ship .
stays in the center of the channel between the
two marker buoys the indicator needle will, of
course, remain at the zero pcint of the scale. As
the ship gets off the center line to one side or the
other the indicator needle will correspondingly
move to one side or the other of the zero line .
to previde the desired indication. .
Assume, for Instance, that magnet 69 rotates
clockwise. If buoy A is nearer to ship 60 than
buoy B the zero setting impulse to magnet 13
comes first. After some time has elapsed the
signal from buoy B arrives and energizes magnet
69. Since the time the zero setting took place
this magnet has moved clockwise, and therefore
pointer 75 will line up at soine point of the scale
to the right of the zero mark. In case the dis-
tance to buoy B were the short one magnet 63 .
would e energized before the zero seiting and
thus ilne up pointer 75 to the left of the zero mark
ol scale 16.  Obviously 1t dnes not maiter whether
the zero setting of n:agret 69 takes place before

“or afier magneh 63 is energized as long as motor

61 rotates accuratt’y ¢nough so that no appreci-
able error is accurn.uisted during one revolution,
as where it {s & synciironous niotor opcxatcd frem
a requency standard.

The distance from the zero mark of scale 16 to
poluter 15 shows the difference in distance from -
ship 60 to buoys A and B. If buoy A is the “zero
setting” siation then the distance from the ship
60 to buoy 61 Is the shorter distance If the hand
shows 1 the rizht of the zero merk of scale 18,
and vice versa. Thus the instrument shows not
only the difference in distance but also which
buoy or station is the more distant one.

¢ will be apparent “hat if marker buoys of this
type are uced to mark 1 harbor entrance channel,
for example, & ship could pass up the channel

‘with confidence, even in heavy fog.

* The radlo transmitter 71 and the radio re-
ceivers 63 and 65 may be omitted and an arrange-

- ment made to make the buoys transmit simulta-

neous periodic signals. The advantage with
using the radio transmitcer and radio receivers

"18 that the interval of the emitted sound waves

can be determined from ship 60 by the speed of
cam 68, and no power need be wasted in emitiing
signals when no ship is near.

Turniug now to Figure 7, 1 have must,rated a
modified form of my invention operating In gen-
eral like the form shown in Figures 1 and 2 and
described in cornection therewith, but having
certain additional parts to. make it particularly
applicable to the measurement of relatively long
distances. In this form ¢f nuy invention shewn
in Figure 7 the motor 80, cam arrangement 84

Declassified in Part - Sanitized Copy Approved for Release 2013/09/23 : CIA-RDPO9MO02108R000100170001-1



. rangements.

4° ‘
- and assodated c\.ntaco points correspond to the
_motor {0 and tha czm 12 in my @rst described
embocdiment. Again the molor §s driven from
some sousce of f2i-ly standard frequency, but.in
this case the cam is driven at a slow rate, for
examzple, once zach ton seconds. Under these
" elrcumistances cace every ten seconds a sfgnal is

generated by the-apparatus §2 and at the same -

_ time a correcter imzulse is supplied to the coll 83
’ of the ¢ourrector magnet 84, Again this serves
to correct the rae of rotation of the armature 85,
friction driven {rom the motor 80. As before the
reflected waves ezergize a device 86 which results
in the creaticn of a brief electrical Impulse en-
ergizing the rotating electromasgnet 85 to line up
" the armature 87 ac.d cause the pomter to assume
& position oa the scale giving an indication of
the time traveled by the wave, and t.hus the
_distance of the reZecting surface.

In this particuzr form shown in Figure 7 a
similar indicating arrangement, indicated in gen-
eral as B, is driven through gears at a speed
ten times as fast as the first indicating ap-
paratus A. That is. the rotating electromagnel
. of the second incica
per second. This iz in tarn coupled through one
to ten gesrs to the rotating electromagnet of a
" third indicating arvangeraent identified in gen-
eral as C. so thai its electroinagnet rotates at

the rate of ten revolutions per second. The fixed

electromagnets cf toth-of these arrange:xicntis
are proviced wit 7ero setting corrective inipulses
at the seme time the coil 83 receives an im-
puisés and both of the rotating electromagueis
¢! ihese lass two' indicating arrangements are
provided with irdicating impulses at the same
time such an impuize is provided to the rotaticg
electromagnet E5.

' ith this arrangement different scales are
used, ¢f course, ¢a the different indicating ar-
T=st of indicator A, for exawmple,
might show 2 fuli scale distance of ten thcusand
feet, that of {nditzlor B a scale of one thousand
feet, and that of indicator C a scale of one
hundred feet. 35 this arrangement the thou-
sands of feet rmay de read on the first scale, the
hundreds on the second, and the tens on the
third; and all cza be read directly with a high
- degree of accuracy. .

Figure 8 iust-ates a method of Iocatlo-m of an
unkrown position ty use of my aupparatus in ton-
nection with at least two remote stations or points
of wave triasmission. If lighthouses or betcon
stations transmit both sound and radlo signals in
- such a way that the signals of the two stations

are distingulstable. a5 by having these signals on
different frequenciss or by having one siation
“tranzmit for @ minute and vhen the other station
* transmit for a m'nute, & ship can readily deter-
mine its location. even in & fog or the like. By
the use of the apparatus the distance A {from
the l’ghthcuse or beacon station A may he first
read- from the indica’‘or, and an are lald out
on the chart correspornding to this distance; then
the process may be repested to read the distance
B, and an arc situck on the chart with this
known point B as the center. Where the arcs
eross is, of course, the location at that instar’.
“This provides a very quick tnd easy method of
locating a ship’s position with respect to two
known statlons within ti1e range of sutisfactory
reception of a soucd signal

. Figure 9 is inclvded to show that all of the ad-
vantages of my inTention can be accomplished by
the use of light and sound waves, as well as b.v

ting arrangement rotates once

2,326 880"

radio and sound waves. That 2.';. a lghihouse’

could e:nit simuitaneous pericdic light faskes
and sound signels, and a ship equipped with in-
dicat’ng apparalus responsive to light could caslly
directly read its distance from the lighthouse un-
less conditlons -were such as to prevent the lght
or sound {rom reaching the ship. In connection
with this embod‘ment of the invention wave im-
pulses wouid be simultaneous.y transmitted from
a light transmitter 80 and a souiad transmitter
8¢, ‘The apparatus in the upper part of the
figuré would, of course, all he carried by the
ship, and would inciude a rhotoelectric cell or
otber light-sensitive device 92 and a microphone
or sound sensitive device $3.
and associated amriiflers would convert the waves
into brief electrical impulses, that created by the
lizht actuating, the winding 94 {0 provide the

..zero setting or correction, and that created by

ag
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the sound energizing the coils 35 of the rowating
electromagnet to cause the rcinter 986 to give the
desired indication. - -

In Figzure 10 I have shown a preferred form
of corrector magnet and cooperating armawure.
It will be noted that the corrector magnet core
10t is provided with enlarged pole faces cooper-
ating with similar large pele faces on the rotat-
ing armature {02, so that eflective atiractive
force is provided even if the armature is seventy
or eighty degrees oul o; alizoment with its proper
position at the time of the cero impulse, even

iough there are only two pole faces. The large
role faces on the corrector magnet, however, are
provided with small central exXtending porilons
{03; and the large mole faces of ine armature
are provided with cooperating similar central
extending portions 10§. The intcraction between
the large pole faces is effective it {lie armature is
widely out of alignment with its position at the

time of the correative impuise; yet the provision

of the small cooperating parts 103 and 104 insures
pulling of tre armature into precise correct zero
aligniment.

Whiie I have shown and described certain em-
bodimenis of my invention, it is to be under-
stoed that It is capable of many modificaticns.
Changes, therefcre, in the construction and ar-
rsngement may be made without departing from
the splrit ard scope of the invension as dlSClOSQd
in the appended claims.

I claim:

1. Apparatus of the characber degcribed for
providing a contintous automatic indication of a
distance measurable by the propagaticn and re-
ception o: waves, including: means for periodi-

As before, these

PN VRSN

cally initiating the propagstion of a wave; a. .

meniber rotatable in approximate synchroniza-
tion -with such perfodical propagation; ineans re-
sponsive to the propagation of suid wave for ex-

actly synchronizing an instantancous position of -

said memboer with such propagation; and means
operativciy associated with sald member for giv-

ing an IndlcatiLn proporticnal to an instantane- . ;

ous position ogca‘d member, said last mentioned

means being usvomne to the reception of sala

© wave.

70

2. Apbaratus of lhe character described for
providing & coniinuous sutomatic Indication of a
distance measurable ty the propagation ard re-.
ception of waves, luciuding: means for pericdi-
caliy initiating the propagation of waves; &
member rotatable in approximate synchroniza-
tion with such periodical propagation; means fer
providing ar electrical impuise by and coincident
with said propagation; means actuated by said

ST -
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" impulse for exactly sv':chromﬂag an instantane-

ous position of sald n:zmber with such propaga--

tion; m:ans for recelving sald wave and provid-
ing a .second electrical Impulse upoa such recep-
tion; aad means operatively associated with said
member for giving en indication preportional to
the position of said member when the second i1a-
pulss is opcrative, sald last mentioned means
belng actuated by sald second impulse,

. 3. Apparatus of the character claimed in claim !
2, whereln the two means for providing electci~

cal impulses have substantially identical time

., charactesistics.
.o, 4. Apparatus of the character claimed i clalm
2, wherem the rotatable member carriez an eice- ;

tromagnet adapted to be monientarily energized
by the second impuise, and wherein the last men-
tloned means includes an armature mounted
substantially cortzentrically with the rotatable

© member and within the fleld of the electremag- -
net, and means for frictionally normally main-

tamlng the armature at rest, the friction teing
not 'so great as to prevent the armature from
moving into allgnment with the electromagnet
when it is momentarily energized.

d. Apparatus of the character described for
providing a continuous automatic indication of
a distanqe measurable by the propagation and re-
ception of waves, inciuding: ineans for periodi-

cally initiating the propagation of a mechsanical -

-
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cal Impulses bave °ubstantlnny identical time

- characteristics.

7. Apparatus of the character claimed {n clalm
3, including a second indicating-assembly include
ing a member rotatable In approximate synchio-

nization with such prorvagstion and ineuans op-.

eratively assoclated with the memwber for giving
an indlestion, whereln the two rotatable mem-
bers rotate at different rates bearing a predeter-
mined relstion, and wherein said impulse simul-
taneously actuates both Indicsting means.

8. Apparatus of the character described for

" providing a continuous automatic indication of

wave; a fixed électromagnet; 8 rotatabie unit

co.nprising an armature In the Seld cf sald elec-
tromegnet, and a second electremagnet; means
responsive to initiation of saild wave for provid-

ing an elestrical impulse of brief durstion to the -

6. Apparatus of the charaster claimed In claim

5, wherein the two means for providing electri«

"* -Patent No. 2,326,880,
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8 distance mesasurable by the prcpagation and

© reception of waves, Including: means for periodi-

cally initiating the propagation of a wave: a

-member rotateble in approximet: synchroniza- -

tion with sucia perfodical propagation; a second
member rotateble at a rate bearing o fixed ratio
to that of said tirst mernber; means for provid-
ing an electrical impulse by and coincident with
said propsgation; neans actuated by said fm-
pulse for exactly synchronizing an instantaneous

position of said members with such propdgation;
an means for recelving cald wave and providing-a

second electrical impulse upon such reception;
and separate means operatively assoclated with
each of said rotatable members for giving an {n-
dicatlon proportionsl to tize position of the mem-
ber with which i cooporates when said second
fuipuise Is reccived, sald last mentioned means
being simulianecusly actuated by sald second

impuise,

9. Apparatus of the character described for
rroviding an sutomatic indication of a distance

sad
fixec clectromagnet to exactly synchronize an meastirable ty the propagation and reception of
instantancous position of said uanit with said waves, Including: means for periodically initiate
progugation; means for recelving any reflected ing the propagation of a mechanical wave; means
poxrtion of sald wave and providing a second elec- for simuilaneously perlodically initisting . the
- trieal fmpulse of brief duration to the second ip propagaiion of an electromagnetic wave: a mem-
elcccromagnet: and rotatably meunted Indicai- ber rotatable {n approximate synchronization
ing means including an armature in the fleld of with such periodical propagaticn; means respon-
sald secord clectromeagnet, ithe frictional resist- sive to sald electromagnetic wave for eva-ily sys- .
suce to rotation belng =ot so great &s to prevent chrordzing an instantaneotvs positicit of safd-
the armature {rom moving into alignment with ,; member with such propagation: means opera-
- the second electromaznet when it is momentari- .. tively assoclated with sald Taember for glving the.
1y energized o provide an !ndication proporticnat desired inricstion; and means responsive to sald
to the position of the rotatable unit when the mechauleal wave for actuating sald !ndicating
second impulse is recelved, bui suffelent t,o pre- mesans to provide an indication preporiionsl to the
vent ary substantiaioverrunning. #0 position of the member whcn said m.echanical .

wc.ve is recelvet

ERNST NOKRMAN, !

.

: _Augusg 17."‘191&5'_9

It u heroby certinod tha?t orro" appears in ths pr’ nted spocification'

St

.,of the ahove mumbered patent requiring correcticnss folliws: Page 5, sede ..
ond. colunn, line 4, clal.n?, for thaxiain reference numoral "5" read ~=2--3
md that the sald Latters Patent snmid be road with this correction theree

in tiat the same may cinform to the record of the case 1n the Fatent offino.,

SIg:ned and sesled tb.ie 5th du oi October, A. D. 19&5.
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