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#» The Tlectric Water Level Indicator.#

The problem of automatically indlcating, at a
distance, the height of water in a storage basin or
open water way 1s one which chiefly concerns water
power plants although it may come wp, of course, in
many different cases. However, for the intelligent
and secure operation of a hydro—electric plant, the
necessity of the station attendent or operator hav-
ing a constant knowledge of the conditions of the
water supply, and especially any sudden changes, 1s
imperative. For plants operating with small storage
and high head, or with long flumes, it is especially
necescsary to have a close and accurate knowledge of
the conditions. Again, where there is one plant with
8 limited constant swply of water and no storage,
which operates in parallel with a plant which has
storage, 1t is extremely desirable tc know tne condl-
tions 80 that the former can run just below the
point of overflow, and thus conserve the storage toO
the best advantage. Hence, it follows that there are
but few hydro—-electric concerns operating with open
waterways which do not spend, sooner or later, some
thing on the installation of an indicator.

While such conditions exist, and the problem
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is of considerable practical iuportance, it only
coues up occasionally, and 1s looked upon as a mere
detall of comparatively litile significance, and
nothing 1s said of it. However, when ons goaes agbout
putting in an arrangement to perform this funetlion,
one finds it is not such a simple matter to get good
results over even short distances, and at the same
time keep within the limits of a reasonable expense.
One has only to stop and consider for a moment
to realize that if any arrangement is used, it must
be relisvle, It would hardly pay to let several hun-
dred K W flow over the spillway, at a time when wa—
ter was scarce, because of the indicator registering
incorrectly, leither would it be desirable for a
peak load station operating on a storage to sudden—
ly drop a large load, thus causing a general disturb-
ance of the sy tem, because of the indicator fail-
ing to show the exhaustion of the supply. Yet such
a station must have some automatic arrangement or
Keep a watchman at the reservoir to rsport condi-
tions, which is, by the way, both expensive and un-
reliable. Hence, one ss=3s that though a poor system
may be better than none, it is at least worth while

to 1ook for the best.
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Although reliability is essential, no concern
will object to the least expense possible in obtain-
ing the desired results. Henee, in working up.:the
problem, we must give due consideration to eostis, as
well as to reliability.

It is our purpose t0 100k up suck schemes as
have been employad in this work: work out such other
ideas as are suggested; compare the advantages and
disadvantages of each in such points as reliabllity,
accuracy, simplicity and cost, and,1f possible,choose
or devise the best method for gertain conditions
which are 1likely to exist. It may be deemed desira—
ble to make laboratoty tests of such methods, and,
when feasable, we hope to do this.,

In keeping with our purpose we have searched
through a great number of technical magazines and
references which gave promise ¢f nomething on the
subject, or at least some i1dea which might be appli-
ed. We found only one direct reference, a method sug—
gested by A. H., Redtke in the Western Electrician,

April 27 1907. We will discuss it later in dstail.
We will also discuss a system devised by lir. E. L.

Buker and installed at the Olmsted plant of the Tell-

uride Power Company; also such schemes as depend on
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a constant potential direct or alternating current;

a step—-hy-step scheme formerly devised hy one of the
authors; and a scheme in which the Wheatstons bridge
principle is applied is worked out by the authors.

We have made a study of a number of articles on po-
‘sit10n~signals such as the Telautograph, used princi-
pally for transmission of ranges and azimuths from
observers to gunners in the army, the Range finder

as used in the navy, telephone gpparatus, etc,, our
purpose being to find such ideas as might be applied

advantageiously to the problem at hand.
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~ Radtkels Indicator.-

This system i1s set forth diagramatically in
Plate I. According the the reference, this arrange-—
ment consists, essentially, of three electro-magnetis,
set 120° apart with a sector of a soft iron disc
mounted on a shaft at the centre. The shaft should
drive a pointer, through a set of gears, over a
graduated dial.

The electrical connections are easlily followed
on the dlagram. A terminal of each coil is brought
out to a common point and connected to ground thea
a cloged circult battery, such as a battery of grav—
ity, or Telanle, cells, while the other terminals
are connected sach to a line wire. The colls should
be wound with a rather large wire in order to get
the necessary arpere turns at a low potential. The
potential required of the vattery will depend on
this resistance and tiist of the line.

At the reservoir the apparatus consists of drum
actuated by a float and counterweight, a wiper arm,
and a set of contacts. The arm 1s carried by the
drum and wipes over the contacts as the drum revolves.
The numnber of these contacts, the size of the drum
and the value of the gear train are deterined from

the nugber of readings desired in a glven range of
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water level change. Every third contact is connected
together in a group, and a group is connected to one
of each of the live conductors. The wiper arm is per—
manently grounded, so that the circuit is always clos—
ed through one magnet, the current being switched from
coil to coil as the arm moves. These are the essen—
tials of the system as suggested by Mr. Radtke.

It is supposed that the armature will be dragged
around with this shifting field. However, it is not
difficult to see that it must fail to do so, At best
the 1lines of force can only be conducted from the
outer end of the magnet around to the part O, frmn
whence they must pass to the magnet core again. The
distance from the centre to the pole tip must neces—
sarily be considerable, and with the resulting large
lesakage the field between O and the pole must be weak.
Suppose the sector consiste of something 1like 120°,as
shown, and the current is switched from C, t0 C, the
armature will be dragged into the position shown dot—
ted, from which it cannot be moved by any one of the
magﬁets. Again, suppose the sector small enough to
avoid this difficulty, say 60°, then lines which ra-
diate from O in the armature will not find a shorter
arc path, hence, the armature will probably not be

magnetized, and there will ne force exerted upon it.
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This difficulty could be overcome by putiing a
short orank on the shaft 0, placing the magnets
farther out, giving each an individual armature and
connecting these armatures t¢ the crank; just as some
engines are connected up. Or, the addition of a fourth
magnet would correct the difficulty. However, this
would necessitate a fourth line wire, and in this
respecti'the system is already at a disadvantage.
Granting that the motion can be obtained, the

arrangement is unreliable, because any fallure t0
respond t0 each change at the reservolir, due to fail-

ure of battery or poor contact, will.cause the instru—

ment to register incorrectly until 1t is reset by actual
observation of the water level.

Farther the number of leads required is suffic-
ient in itself to make the system impractical for use

over any but very short dlstances.
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- Buker*s Indicator, -

Mr. Buker's indicator is a very ingenious ar—-
rangement in which ordinary incandescent lamps and
a three phase 110 volt current supply are used, The
lamps are switched about by a set of contacts into
such relations that a number of indications consid-
erably in excess Of the number of lamps are shown.
Plate II shows the diagramatic afrangement, and
Plate III shows simplified diagrams of the six dif-
ferent combinations that come about. In Plate IV are
listed the indications given by the system. As sta—
ted pefore, the system is in actual use, and 1t has
given very satis factory results during the last four
years.

In the station seven lights are mounted on a
panel, where the attendant can ses them easily.
Lamps G and R are green and red respectively, and
are 95 volt lamps, X is a blind resistance of the
same value. The other five are uncolored 52 volt
larms. At the reservoir a rod carrying four contacts
is run up and down a row of five stationary contacts
by a float.

It 1is found that two 95 volt carbon lamps in
series on 100 volté will not glow whilo.a 95 volt
and a 52 volt will. It will be seen that, 1in the po-
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sition shown in Plate II, corresponding to Set B in
Plate ITI. X is shunted by a 52 volt lamp and thus
R 1s 1n series with 1t across one phase, while G is
in series with it across the other. Thus G, R, and
the 52 volt lamps will be lighted, while X, if a
lamp, would be dark. The same reiation will hold
while the contact moves dovn the scale 1ighting the
five 52 volt lamps in succession. Furthermore, as

we move down, the lights are cut in alternately two

and one, thus giving ten readings in passing over
the five lights. It will be readily seen how thirty
readings are thus obtained from the system as shown,
There is a slight variation at the points where the
shunt is changed from one leg of the line to another,
but this 1s readily seen and of no consequence., A
special contact throws in all the 52 volt lamps in
parallel t0 shunt out G when the water gets danger—
ously low, so that R burns up to full brilliancy.
This system is very successful in giving resulis;
but, obviously, it i1s at a great disadvantage in the

cost of installation. Three phase current must be

carried to the reservoir, besides one-sixth as many
leads as readings required. In some cases, of course,

single phase lighting leads will. already be install-
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ed in such a way that it will only be necessary to
run one extra lead. This was the case at Olms$ed. In
this instance the pressure-box is 1000 feet from the
station and 350 feet above it. A very good pole line
was already in, although loaded with a 5000 volt line
beside a number of telephone and lighting circults
80 that another arm could not be added. A cable was
made up of #14 R ¢ copper and hung under the arms. The
last 200 feet on the station end was put under ground
with other circuits. We would estimate the cost of
installation as follows:- ,

7000 £t. #14 R C wire at 1 1/4¢ per £t. $87.50

6 days labor making up cable and

stringing same at $3.50 — - - 21.00

Material in and contacts — - — - - 6.00
4 days labor making wp and in-

stalling same, at$3.50 — 14.00

8 lamps at 385 § - - - — - - - - - - - - 2400

8 sockets at 35 f = — - - - - - - - = - 2.80

3 days labor making up Panel and

installing same at $3.50 — = 10,50

200 feet trench and conduit at$lse — — _30,00

Total - - - — - = $173.80

The cost of the line is the principal item,
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and is obviously a serious disadvantage t0 the scheme,
Its operation is dependent on the swply of A.C.,
which in most cases will be satisfactory. The power
eonsumption is small, and of 1little consequence a-
round a plant of any eonsiderable size. As t0 acou—-
racy ané reliability, the system will show the changes
of water level absolutely correctly so long as our—

rent is supplied to 1it.
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#» The Polarized Indicator.»s

In the Polarized System the idea is that 1f,
rises and falls in the water level ocan be made 10
send, correspondingly, positive and negative impulses
of current through a circuit, we shoul be able to
make these impulses add to, or subtract from, the
readings shown by an indicating pointer at the other

end of the line. To attain this, the principal of the
polarized telephone ringer may be applied. The action
of this bell is generally known, or a dessription can
be found in any engineer's pocket book. It would,

no doubt, be an advantage in every respect to use a
mechanism actually taken from ons of these hells.

We show two possible arrangements in Plates V and VI
whioch employ the mechanism from standard bells. In
Plate VII wa show the apparatus at the reservoir for
sending the impulses, and Plate VIII we show a dia-
gram of the circuit. In the arrangement shown in Plate
V, the mechanism from any ordinary ringer 1s used,
except that the coils should be rewound if necessary
with larger wire so that a 10w voltage can be used.
Such a bell should cost about $2.75 An extension of

light material, M,,is attached to the ringer armature,

and the ringer is mouhtod on a back board s0 that
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this bar stands horizontal. W is a toothed wheel of
ons—elighth inch brass turning on a horigontal shaft
0. A pointer 1s attached to the wheel so that it
rotates over a graduated scale. On the shaft are
mounted two independent levers; x and y, which carry
cllcks, c. The stops 8, S and R are fixed piodes.
The levers x and y are connected to M by small rods
4 free toslip down through the holq, b, Or they
should be a flexible connection of some sort.

When the armature is exactly horigzontal it 1s
in unstable equilibrium in the permanent magnetioc
field. the lever, 1, is attached to the armature;
and a spring,b, is s0 arranged as to resist any mo-
tion of the armature with an increasing force, thus
always returning the armature, and in turn x and y

to rest in a horizontal position.
Now supnose we have a current frowing from the

line through the coils to the ground, and that a cur—
rent in this direction causes the left end of the
armature to be drawn up. As x moves up, C is pulled
in by a small spring and engages a tooth of the wheel,
and will move up until it strikes the stop S. The
distance s-S should be such that the wheel is advanc—

ed one tooth. As soon as the current ceases 1o flow -
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the click moves back t0 its normal position., Current
in the opposite direction will produce the opposite
effect. The stop,S , should prevent the armature
touching the pole tip, otherwise it will probably
stick. A similar arrangamdnt of click drive is em—
ployed in the StrowgerAutomatic Tslephone switchboard,
and works very satisfactorily.

Another and perhaps a better arrangement is

shown in Plate Vi. In this the coil and magnet from
a Western Flectric Company's loud ringing telephone

bell 1s used. This is a single coil pivoted at 0 and
vibrates horizontally between the pole, N and S, of

a permanent magnet. N 1s very powerful in its action.
We would mount the coil behind a toothed wheel, W,

with the rod, K, bent to project over the wheel. On
this rod and in the plane of the wheel two clicks

are mounted loosely. These clicks nominally rest on

a guard, @, which keeps them clear of the wheel,

and 1imits their motion so that the wheel is advanced
Just the pitch of a tooth for each impulse. The coil
is attracted oppositely for opposite currents, of
course. The spring, h, opposes the motion and brings
the coil back to mid position each time. If found
necessary, the clicks can be urged toward the coil
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by a light spring as shown. The moving parts should
be made light, and in either type of instrument 1t
will probably be necessary to damp the motion of the
wheel by a 1light felt brake.

The impulses of current and thelr direq;ion is
cantrolled by the apparatus at the reservoir. We will
first describe this apparatus and then show how 1t
controls the current. The apparatus involves a drum
D (see Plate VII) actuated by a float and counterweight.
On each end of the drum,‘a ratchet wheel 1s fixed.
Outside of these, on the same shaft, are two disecs,

A and A', which must be prevented from moving later—
ally. The disc A carries a click ¢, which is forced
into contact with the ratchet wheel by the spring r.
This click is on the inner side. On the outer side
are mounted a circle of metal pins (P}, P,, Psetc.)
and contacts (Kl, Kpr Ky etc. ).

Note that when the drum, D, rotates counter
clockwise, the ratchet, ¢, will catch and drag the
dige around with the drum, while for an opposite ro-
tation of the drum the click plays idly over the
teeth, The spring catan, U, prevents any backward
rotation of this disc. The disc A' 1s exactly like A,

and gince 1t 1t turned around it will be rotated
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for the clockwise movement of the drum. The ratichet
wheeas wre mountea Oppositely, of course, For each
end there 18 a brush, B, made of spring brass saqd
pivotea wv. . irame., This nominally rests on a pin
and makes an electrical contact with it. Suppose the
brush to be on pin P2 as shown and the disc is made
tCc rotate. B will slip off Pz’ wipe the contact Kz,
and stop on Ps.

The contact should be made slightly oblique to
the plane of the wheel, t0 insure a good contact;

however, not so much as shown in the figure. There
must he spring enough in the arm to allow it to move
a little laterally in wiping down the contact piece.
B falls by the action of gravity.

A diagram of the electrical circult 1is shown in

Plate VIII. All the pins are connected together and
crounded through the brushcs lu and m', which must be
set so as to clear the contacts Kl’ Kz’ etc. All thece
cortacts are connected togetner and to the single

line wire through some sort of a collecting devise.
For instance through brushes making contact with the
gshaft, vhich would have to be insulated and connected
t0 the 1line. The battery, consisting of gravity cells,

ig connected between the brushes B B'. Now suppose
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agaln that the brush B is resting on Py, B! will bve
resting on a pin on the other side, say Pz, and the
battery circuit will be normally closed. As A rotates

B will fall and wipe K_, thus connecting the positive

2’
pole of the battery to the line, while the negative
pole is connected to ground through P's, and a posi-
tive impulse will he sent over ihe line, through the
indicating instrument to ground.

When A' rotates a negative impulse will be sent
through the circuit in the same manner.

The number Of cells which will be required will
depend upon the number of turns and resistance in the

instrument coils, and also t0 a more or less extent

on the resistance in the line. This brings us to an-
other point. It has becn seen that one lead and the
ground can be used. Now 1t 1s always customary t0 have
a metallic telephone circuit running from the station
t0 the pressure box or reservoir. This can be utili-

zed in addition for the indicator line by splitting
the 1ine as shown in Plate XVI, in connection with
the wheatstone Bridge Indieator. This splitting of
the 1ine i1s accomplished by leading the current in
at the centre of a highly inductive coil and taking

1t out again in the same manner. The current splits,
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half flowing through each side of the line. Thus no
difference in potential will be caused between the
sldes of the 1line, and the telephone will not be dis—
turbed. The high inductance Keeps back the ringing
and voice currents while the coils oppose the flow
of D ¢ only by their resistance. The value of this
resistance will be one—fourth of the sum of both
coils since thepe are two branches of ths path..irhe
connection can be made by connecting between the coils
of the telephone bells, where the ordinary telephone
bells are used at each end of the line, and thus all
expense for 1line is eliminated, and this system be—
cames practically wireless.

Using 1000 omm bells the line would offer a re—
slstance of gpproximately 500 oms. It follows that
the current used must be very small and in this case
the relay must be wound with a large number of turns.
By actual test we know that 6 volts applied to a bell
wound to a 1000 ohms with #36 copper energigzes it
very markedly. Hence, we might use the bells without
rewinding and use from 9 to 12 cells in series.

Note that the circuit is normally closed, hence,
a small resistance should be connected in with the
batteries to 1imit the current, say 500 ohms, which
would be ineignificant, compared with the resistanoce
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of the external circuit.

The circurference of the drum D enters in deter—
mining the variation in water level that each impulse
represents, Hence, we can make the sige of A and the
number of contacts to suit our convenience; and vary D
to sult any particular case. FOor example, suppose we
want an indicator of one inch stops in a five foot
flume, or 60 stops. In the drawing we show 15 contacts
which we would give a pitch of three inches, making
A something over 14.3" in dlameter, and the circum—
ference of D would have to be 15 inches.

In the instrument, the number cf teeth on W
would have to equal the number of readlngs desired
(60 in the above example) in order to use the full
360° of scale. In the above case we would suggest a
12" circumference with one~fifth inch pitch for teeth.

This system was devised a couple of years ago
by one of the authors: but has never been tried out.
It looks feasable enough, and has some marked advan—
tages. The cost of line is reduced t0 a minimaut or
nothing, which would make it especially adapted to
signalling over considerable distances. The indica-
ting instrument could be contained in a small case

and. mounted on the station swltchboard where it would



- 29 -
be in keeping with other instruments. The cost of the
apparatus would not be great, although it lacks con-
ciderable of being simple. It is at a disadvantage

in that the battery must be located at the reservoir
where it may suffer from a lack of attention; and
where 1t will generally be found difficult 10 keep
the battery from freezing. Being a step—~by—step 1in-
strument, any disturbance in its operation will like—
ly throw it out of step, thus reducing its reliabil-
1ty.
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#% Constant Potential Systems.»s

At first sight, it would seem that the simplest

possible solution t0 our problem would be either: to

measure the current through a circuit containing a
resistance varied with the water level ; or to meas—
ure the variable potential drop along a resistancs,
i.e., the application of the potentiometer principle.
The milliammeter or voltmeter, as the case may re-
quire, can be had for from $15.00 t0 $20.00; the
rheostat at the reservoir chould be installed for
somewhat less Ehan this; and with D ¢, the telephone
line can be employed as explained in connection with
the Polarized Indicator. Or, in case A C 1s used
only one line lead is required. SO either method prom—
ises to be both simple and inexpensive,.

However, for a constant relation hetween current
and résistanoe the applied e.m.f. must have a constant
value. In many cases this leads to a difficulty. The
percentége error in the reading given will be the
same as the percentage variation of the e.m.f. from
the value at which the instrument 1g calibrated. The
allowable error w1l vary with the case, but we would
say 1t should hardly be greater than 20%. Most hydr—
electric plants develop A ¢, and we may find in
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some cases a supply avallable at a sufficlently close
regulation of voltage. On the other hand, D C ma—
chines are only used for exciting the alternators,

and their voltage is being eontinually changed,

hance we cannot use current from this source,,

In other cases machine current may noct be avail-
able at all, such for instance, as in a peak load
plant where the station is entirely shut down for a
portion of the day.

" These considerations led us t0 an investigation
of the constancy of the e.m.f. of batteries under a
small constant load, say from 10 to 30 milliamperes,
since milliammeters can be had to give full scale
reading for the latter current,

Ve immediately bsrred secondary cells from our

considerations, as being t00 expensive and as requir-
ing too much attention. While such an arrangement
as Mr., Buker's requires nd\attention whatever for
months at a time, the need for very 1little attention
must be a requirement. Another objectionable feature
is the well known variation of voltage at each end
of the discharge ocurve of the cell.

We searched through every available treatise on

primary cells hoping to find some information that
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would he useful. We could find no record of tests
belng made under such conditions as ours. The only
tests avallable were for comparatively large currents,
2 1/2 to 3 1/2 emperes, and for short periods of
time. The longest test found was one by A.K.Kennelly
for 108 hours (see Cooper's Primary Ratteries). Such
information was of litile value in our case, 80 we
found it necessary to run a test ourselves. We have
Just finished a 22-day run, the data and results of
which are shown in Plates IX to XIV inclusive.

We set up a new gravity eell, using distilled
water and copper sulphate erystals, and allowed 1t
to stand short circuited for four days to form zine
sulphate solution before beginning the test. We also
set up a new Edison-Lelande cell, and obtained an
0ld gravity cell which was in a run down condition,
The e.m.f.'s,specific gravity of the sclutions, and
the temperature of the room were observed at short
intervals. The potential measuremente were ni&de by
comparison with a standard Clark cell giving 1.019
volts; a first class potentiometer and a sensitive
galvanometer being used in the measurements. Ac shcwn
by the data, the room in which the test was run was

Of very constant temperature.
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We show two curves for each cell; one showing
voltage vs time; and the other showing the percent-—
variation of voltage from day to day, i.e., the per-
cent variation based upOh the previous dsy's reading.
It will be seen that the new gravity cell buiit wp
rapidly during the first four days. We decided that
this was due to0 the low density of the zinc sulphate
solution shorted it during the fifth and sixth days,
putting it on 1ts regular load to make the measure-
nents. After this the voltage changed more gradually,
but eontinued to rise, having changed one percent in
the last four days. No doubt betier résulta would
have been obtained, had we set the cell up in the
first place with a solution of zinec sulphate instead
of depending upon its formation., The highest density
reached was 1.035 while Pope tells us it should range
1.11 as a minimun to 1.15 as a maximum. John T Sprague
in his book "Mlectricity" points out that there are
various reasons which prevent the e.m.g. being abso—
Lutély constant. The activity of the zenc solution
always varies with its density; Mixture of the solu-
tiOnsjgndosmOsis causes a variation, and any deposit
of copper on the zinc causes a marked variation =

something like .03 volts. These variations are of
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such extent thatngood authorities differ by 3% on
the voltage of the cell,

In addition there is a considerable temperature
variation, with respect to vhich Sprague says:"Retween
32°F. and 52°F. there is a difference of .01 volt,
and between 50°F. and 60°F. also ,81, and between
60° and 100° about ,025 volt. This gives a variation
of 4 1/2% within the range of ordinary atmospheric
changes,

ie are forced to conclude that this source of
e.m.f, could only give results of anywhere near the
required accuracy under the most favorable conditions,
and then would recuire a greater amount of intelligent
care than it is likely to get in such work. The re-
sults on the old cell show what may be expected 1if
the zinc solution 1s allowed t0 become t00 dense.

Sprague tells us that this cell is the most
succeseful attempt to obtain constancy under load,
hence, we may further conclude that batteries are
not adapted to such measurements. We have only 10
glance at the results from the Lelande cells tC see
that 1t 18 not adapted to our use.

Where a constant potential A ¢ is avallable,

there wili usually be several different methods of



connection to choose from., One way, of course, wculd

be to take current from the station lighting Sircuit

through the ammeter and resistance in serles using a
full metallic circuit. However, the station: transform—
ers will often have one point of the secondary wind-
ing grounded, or at least there will be no objection
to grounding it, and then we can take a tap from

some point of potential above ground, lead this
through the ammeter, thence over a line wire and
through the variable resistance to ground at the res—
ervoir, thus requiring but one line lead.

In cases where there is a lighting circuit to
the reservoir already installed we have a still sinm-
pler arrangement. A resistance having a uniform drop
is connected directly across the lighting circuit,a
point is noved over this resistance by a float, and
a lead is takem from this contact through a voltmeter
at the station, and connected to either side of the
1ine. Thus the potential drop shown on the voltmeter
will vary with the water level. If no other point
on the secondary net work is grounded, we may even
dispense with the extra lead by connecting the volt—
meter from line to ground at the station and ground-

ing the contact point at the reeervolr. The diagrams
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on Plate XV will make these different arrangements
clear,

In all these arrangements the results will be
affected by the regulation of the transformer, which
in some cases may be as high as 3% where the load
varies from zero to full load capaclty. Further we
must not overlook the condition that in plants trans—

mitting power over some distance it 1s often found

necessary to vary the voltage at the station, often
as much as 4%. In the case of the potentiometer meth-
od, the results will affected by any change in the
line drop from the value existing at the time the
instrument is calibrated. conditions will vary to
such an extent in different cases that one can only
determine the practicability of the use of A C in
any particular case when all the conditions are

known,
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»* The Wheatstone Bridge Indicator.ss

This system 1s ons,devised by the writers, in
which the prineiple of the Vheatstone Bridge is em—
ployed; and from which, we believe, most of the ob~
Jectionable features of the other methods are elimi-
nated,

The very accurate results given by the Wheatstone
Bridge are generally known, since it is constantly
used in telephone testing, and in electrical measure-—

ments generally. Kempster B. lilller in his "American
Telephone Practice" tells us that one reliable man-

ufacturer claims an accuracy attainable of one—fifth

of one percent for resistances ranging from 10 to

10000 onms and as great as one—eighth of one percent
for resistances ranging from 100 to 1000 omms. This

of course assumes a sensitive reflecting galvanome-—

ter. By using ynusually high e.m.f.s (110 volts),
Mr. Miller obtained even higher degrees of accuracy
for large resistances than those claimed by the man-—
ufacturer. The fact that the results are quite inde—
pendent of fluctuations in the enf used makes the
principle especially adapted to our purpose. An in-
cresse in the e.m.f. can only increase the accuracy,
somewhat, since it will cause a greater potential

difference on the galvanometer for a given variation
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from ths conditions for perfect balance, and vice
versa.

Our idea is t0 use the bridge in the station to
measure the resistance in the ceircuit which is varied
with the water level. Two of the legs are fixed in
value while the third (R) is continuously varied to
maintain a balance, Obviously there will be a cer—
tain point on R corresponding to each point on the
resistanqe at the reservoir, hence, we may calibrate
R to show the height of the water. We have been con-
cerned principally in working out the details for
the balancing of the bridge to be done automatically,
and the greater part of the following discussion must
be in commection with thcse.

Plate YVI shows a diagram of the electrical
connections, Instead of the ordinary galvanometer,

we use a specially constructed relay or trigger mech—
anism based upon the same prineciple (shown in Plates
XVII and XVIII ). The method of arranging the varia—

ble resistance at the station, and the mechanism for
adjusting the balance, are shown in assembly and de-

tail in Plates XIX to XXII inclusive.

The drawings show the relay in such a menner
that 1ittle needs to be said covering the mechanical
details. We show it as being made up with four bar
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magnets as usually used in telephone magnetos. The

alr gap 1s decreased by inserting a soft iron block,
and the whole 1s fastened to a mounting board. ¢ is

a coll of wire having knife blade bearings made up

as shown and taped to each end. Brackets, which are
screwed to the back hoard, supporting the coil so

that it 1s free to rock on its bearings. The bearing
should be s0 mounted that the centre of gravity of

the coll hangs below them, then by mounting a coun-
ter weight on the extension, b, the coil can be del-
icately balanced on the bearings and thus increase

the sensitiveness of the relay. The direction in

vhich the coil will rock depends upon the direction

of the current. The coll causes a bvattery céntact
which makes contact with either of two spring contacts
marked "Electro magnet contacts". Leads from these
springs run to electro-magnets in the instrument -

proper, which will be taken up later.

The sensitivenese of the relay can be increased
by outting the corners of the iron block away, and
by moving the springs in close 80 as to require only
a small movement of the coil to make contact. The
relay is made up different from the ordinary galva—

nometer in order to make it more substantial, and
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give a better way of getting a contact. However, we
do not doubt that the necessary sensitiveness can

be obtained, We would wind the coil to the dimensions
shown with #35 silk covered copper wire giving 600
turns, and a resistance of 176 ohms.

Referring tc Plate x1x, the resistance R is
wound in solenoid form, consisting of one layer of
resistance wire wound on a 1 1/2" wooden cylinder.

A contact block shown in detalil on PlatexXIIis mov—
ed up and down a brass runier, and carries a contact
shoe which is pressed against the solenoid by a

couple of 1light coil springs (not shown ) between the
shoe and the block. This block is actuated by a con—
tinuous belt ,of fish 1line say, which is shown dash-

8d in the drawings. rThis belt runs from the block,

over a pulley wheel at the upper end of the solenoid,
thence around one groove of a double groove pulley
at the vtottom, thence through an idler pully, thence
through the second groove, and up to the block again,
The 1dler keeps the cord taut and gives a large con-
tact surface, while the double grooves keep the cord
from creeping as it would otherwise do.
This double grooved pulley at the bottom 1s

fixed to a toothed wheel, which 1s attached by a
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couple of electromagnets through a ratchet mechan-
ism as shown, and thus the motion is given to the
contact block,

Leads from the contact springs on the relay run
each t0 one of the magnet coils, thence to the make-
and-break contact on the corresponding armature, and
thence through a battery of sufficient strength to
work the mechanism,

As shown the magnet colils are three 1inches by
one and one-half inches having a winding depth of
one—half inch. This will accommodate 780 turns of
#20 single cotton covered copper wire, and give a
resistance of 1.725 ohms. On 4 gravity celld 1n series
this would give about 2.2 amperes Or nearly 1700
ampere turns which we believe would give a suffic—
1ent pull to operate the wheel. If not, the applied
e.m.f., can be readily increased.

The armatures of the magnets each carry a
click which 1s urged toward the toothed wheel by a
spring, but is normally held clear, while the arma-—
ture is in the lower position, by a ston. Each arma-
ture also carries a light spring brass contact which
catches under a pivoted contact plece each time the

armature falls, thus glving a make—-anc—-break contact.
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So long as the bhridge is unbalanced, the relay will
hold one contact closed, and due to the make—and—
break contact the corresponding armature will vi-
brate, and drive the toothed wheel. The relay must

be 80 connected that the motion will be in a direc—

tion to bring about a balance.

All the parts are mounted on a back board, and
should be enclosed in a nicely finished case for
mounting on the wall. A pointer can be attached to
the contact block and extended through a slot in the
face 6f the case, and thus made t0 move over a scale
on the face. The length of the instrument as a whole
will be finally determined by the length of the sol-
enoid, which in turn must be long enough t0 accom-
modate the required resistance, a resistance wire
of sufficient sige to withstand}the necessary rub—
bing of the contact.being used.

In such cases as it is convenient to furnish
an independent lead, the resistance in all the legs
should be kept small, say around 1000 ohms, since
1ittle is lost in accuracy and the apparatus will
be more easily constructed.

However, where we wish to take advantage of the
use of a telephone line, we must make the corres—

ponding line resistance (which we have shown to be
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about 500 omms), a small part of the total resistance
of the leg. Assuming the conditions used in previous
discussion, 1. e., 60 steps, we will use 100 ohms
per step thus giving a total possible resistance
in the 1line of 6500 ohms. We would mske R equal 650
ohms and the two fixed resistances 6500 and 650 re-
spectively.

In this case we would make R wp with 24 man—
ganin wire (see Foster) which has a diameter of
.0201 inches and a resistance of ,747 ohms per foot.,
Its current carrying capacity is 5.8 amperes. With
the abbve arrangement there would never be less than
50 ohms in R, 80 we would make this up as a separate
c0il, and wind 600 ohms on the solenoid. This would
require 803 feet or 2043 turhs on a 1.5 inah cylin-
der. Allowing Ju% for insulation this would require
a oylinder €1.4 inches long. The wire should be
wound tightly on the cylinder, and at the same time
a thread of one~half the diameter of the wire should
be wound parallel to it to keep the turns separated.
This arrangement gives sufficient room for large and
distinct scale, which may be read from a convenlent
distance,

For winding the other resistances, we may use
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a stlll smaller manganin wire, for instance #36 has

a resistance of 12 ohms per foot and a carrying ca—
pacity of 2 amperes where radiation is free. The
least resistance through any branch will never be
less than 550 ohms with the conditions assumed

eabove, hence, the current will be small. FOr exam—
ple, 1t could never be greater than .2 ampere with
110 volts applied to the bridge.

It 18 hard to say Jjust what would he the best
value of voltage, but ordinarily Wheatstone bridge
measurements are made with one or two volts, Where
exclter current is available we may take it at a
portion of the exciter e.m.f. by taking the drop
across a portion of a bridged resistance to apply
t 0 the bridge; and draw it through a resistance to
work the driving mechanism, and thus do away with
batteries. With such an arrangement we believe the
system would require 1little or no attention, if prop-
erly made up. Where machine current is not avallable,
gix or eight Lelande cells would be the best source
of power, sinoce they require no attention after be-
ing set up until the elements are exhausted.

Yhere a water way runs normally nearly full,
we would connect the resistances s0 as 10 be mostly

cut in for this condition, and thus require the
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smallest current. Obviously they can be made to el~-
ther increase or decrease with a rise of water by
reversing the connections, One end of the solenoid
must be connected through the separate 50 ohm 0611
t0 the pUint Cy, while the éontact block is either

connected through a flexible lead or through the
runner.to B.see Plate XVI),

The relay may either be contained in the esase
with the other apparatus, or placed at some conve—
nimt} out of the way, place.

We have here a system based upon a well known
and reliasble principle. The mechanical motion is
such as we have seen 1h actual use and we are confi-
dent of its satisfactoryroperation, We are also con—-
fident of the trigger motion performing its funetion
as we have designed it., However, if 1t should fail
to do 80 we have only to change its construction to
that of the ordinary galvanoameter t0 make certain
of 1ts working. The system is adapted to the use of
" batteries, and hence, is applicable to all cases.
We have taken advantage of the minimum in line cost,
and the system can be used over any desirable dis—
tance. A telephcne oircult of #10 copper has a re-

gsistance of approximately 10 ohms per mile and, hence,
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adds only about 2.5 ohms per mile t0 our circuit,
which is insignificant, even over large distances.
However, in teking this advantage, we have introduc-
ed the copper resistance of the line, and, hence a
scurce of error due to temperature., All the other
parts should be of manganin and so0 be but little
affected by changes of temperaturs.

The maximum temperature range that we may ex-
pect is 40°¢, Taking the coefficient of temperature
variation for copper to he .0042 and the resista:co
as 500 ohms the change‘%ould amount to about 500 x
.0042 x 40 = 84 ohms, This 1s 1.29% of 6500, Howev—
er, the instrument could be calibrated, at a time
of moderate tenmarature; and one~half of the 500 ohms
would be in the station where it could not bve affect-
ed by such marked variations, hence, the percent
error would be less than one-half the above, that 1is
leéss than .65%.

It should be noted that the system 1s liable
to the effeects of earth currents which might have
some effect in long distances.

We cannct see any particular disadvantage in
the instrument not being adapted to mounting on the

switehboard. Switchboards are usually 80 designed
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that it is inconvenient to add anything to them, The
instrument has a great advantage in the long scale.
The motion of the contact block can readily be
made to0 show special signals; such, for instance,
as flashing a green 1light at the point of overflow
or a red light when the water is dangerously low.
As to the cost of the apparatus i1t is difficult

to form an opinion. The apparatus at the reservoir

is of the simplest. As to that in the station, we
would estimate from what experience we have had with
similar apparatus, that it could be made up for
from $25, to $35. including the batteries.
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#» Conclusion,»»

In deciding wpon an indleator for any particu-
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