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ELECTRIC WEIGHING SCALE FOR
SNOW SAMPLER
e

By

James C. Marr

_ SUPPLEMENT I )

At best the spring balance is a crude device for determining weight,
but when it is subjected to all sorts of weather and abuse, such as are
prevalent on snow survey work, it can be expected to give erratic results as
well. In view of these inherent shortcomings of our present weighing scales
for snow sampling equipment, it is expedient that other means for weighing
snow cores be conceived and tried out. As a preliminary step in this direction
an electrical scale, illustrated more or less diagramatically in Figure 1, is
suggested.

The fundamental principle involved is the translation of a force applied
to a carbon compression-pile into an electric current, as indicated in the
accompanying schematic diagram and sketches.

The sketch of the side view in section shows the method of transmitting
the force from the weighing platform to the compression pile through a pair of
rigid supporting columns and a compression spring. Certain refinements, such
as the use of transverse corrugations in the sheet of spring metal and improved
methods of mounting, will suggest themselves to the experienced designer; the
intent being to show only the general construction of the proposed device.

During operation, the empty snow-sampling tube would be placed on the
scale platform, the push-button depressed, and the electric bridge balanced by
rotation of the rheostat. The sampling tube then would be removed from the
scale platform, the sample taken, the tube replaced on the platform, and the
meter reading again noted.

Use of the balanced bridge type electrical circuit permits self calibra-
tion in the sense that each time a reading is taken, the empty tube becomes the
reference weight against which the null-point ad justment is obtained. This
minimizes inaccuracies due to disturbing the mechanicel assembly in transit,
change of battery e.m.f. with ageing and temperatures, and change of resistance
of the component parts.,

The two factors having the greatest effect upon accuracy are the linearity
of the pressure-resistance characteristic of the compression pile, and the
uniformity of meter calibrations.

The principle of using these devices for measurement of fluid height in
closed tanks has been used extensively, and it is felt that sufficiently ac-
curate ones are commercially obtainable.

Production-run milli-ammeters of the type proposed are guaranteed accurate
within 5% of the full scale rating, end are generally better than this. If
necessary for this application, accuracies to within 1% are obtainable on order.




Fleshlight dry-cells, when used in this device, should have a period
of service approximating the shelf life, as the use-factor and current drain
are both low,

Some of the disadvantages of this device, as compared to the spring-
scale and beam-scale are:

Greater cost,
Greater bulk and weight.
Necessity for battery replacement.

advantages are:

Greater accuracy.

Lack of exposed moving parts,

Ease of calibration.

Lack of jewelled or hardened bearing surfaces.
Ease of operation during high winds.




Brief Summery of
Estimating Stream Flow, based upon & New Evaporation Formula,"

n

Carnegie Institution of Washington Publication 400, 1929

his V’lume reports upon the second phase of

an investigation of the laws governing stream-flow,
which was begun in lSLl under the direction of the
late Dr. John F. Heyford, and financed by the Carne
gie Institution of Washington. A report (LulL,ca—
tion 317) was issued in 1922 covering the progress
made from 1811 to 1922. Publicestion 400 covers the
work accomplished from 1922 to 1926, inclusive.

The outcome of the second part of this re-
search project (as reported upon in Publication 400)
mey be briefly stated as ;

An eveporetion formulae has been derived, based upon
over 700 observations independently on each of two
of the Great Lekes, Michigen-Huron end Superior

This formule enables one to estimate tmo z;l

rate of eveporation from any free, open surface of
water (such as from the surface of = Lexe, resevoir
or river) anywhere in the wwrld, in terms of the
meteorologicel elemen r temperature, vapor-
pressure and wind vel
at the stenderd U.S. We

.L
uS
2
v

of
city as ordinarily observed
eather Bureau stations

An estimate has been made of the constent part of
the run-off into each of Lekes-Michigan-Huron and
Superior from their respective land drainage areas,
and certain genersl uﬂOthugG with reference to
the varisble parts of the run-off in each case has
been obteained.

As a direct sequel to the results alresdy published
in Publication No. 317, and as a necessary precursor
of Item (1), the following two items of knowledge
have been derived:

(a) A reasonably accurate numerical expression
has been obteined for the effects of barometric
pressures on the elevation of the water surface
at the Marquette stetion on Lake Superior. With
this expression one may compute, from tne distri-
bution of the barometric pressures ordinarily




(a2) Continued

shown on the forecast maps of the Weather Buresu,
the disturbances in elevation of the water surface
thereby produced at Marquette.

(b) The numericel constents (the &'s) in the gen-—
eral formule for wind effects stated as equation
(69), page 63, Publication No. 317, have been de-
rived for the Marquette stestion on Leke Superior.
These constants enable one to compute the hourly

or daily effect of a wind of any velocity and direc-
tion upon the elevation of the water surface at
Marquette, Michigen.

The relationship of the new knowledge gained
(1) and (2) to verious importeant problems in
ence and engineering has become increesingly
dent. Some of these problems sare:

(a) The problem of estimeting the eveporation

from the surface of each of the Great Lakes as a
basis for more sccurate estimates of the hydrologi-
cal phase of the problem of regulating the surfaces
of the laskes by controlling works in their connect-
ing channels, and the use of this aveilable know-
ledge of the deily evaporation in such regulastion
after the controlling works are constructed.

(b) The problem of estimating the evaporation
from other large open surfeces of water, such as
the surfaces of reservoirs, laekes and rivers, in
the design of controlling works for power, irriga-
tion, navigation and sanitation.

(¢c) The problem of estimating the evaporation
from large land surfeces as a basis for estimating
the run-off from such surfaces for use in various
engineering and scientific problems.

Approximete quaentitetive expressions of the funda-
mentel laws of flow of two streams, A and B, Wagon
Wheel Gep, Colorado, have been derived. These nu-
merical expressions enable one to compute the daily
flow of these two streams from the observed weather
elements of wind velocity, air temperature, vapor
pressure, rainfell and snow gegings with a reasona-
bly good degree of approximation.
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(¢) The problem of determining the effect of
forest cover on the run-off from watersheds.
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J. A. Folse
Curator, Department of Power
Museum of Science and Industry, Chicago
3rd, 1937
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Brief Summery of
"Effects of Winds and of Barometric Pressurés on the Great Lakes", by John F,

C',ﬁr?

Carnegie Institution of Washington Publication 317, 1922

This volume should be of interest to hydrolo-
giets, engineers and physicists, not only because it repre-
sents &sn outstending contribution to existing geophy8icel
knowledge which has definite practical applications of
considerable importance, but because of the unusual meth-
ods employed in the analysis.

The volume represents a paertisl report on
& much broader investigation which had for its ultimate
object a better formulation of the lews governing the
amount of stream flow than the engineering profession
then had. This broad investigetion was begun in the
summer of 1911 under the direction of the late Dr.
John F. Hayford, then deen of the School of Engineer-
ing of Northwestern University and formerly chief of
the Computing Division of the U.S. Coast and Geodetic
Survey; end was financed by the Carnegie Institution
of Washington. The investigation was carried on con-
tinuously, except for two years of the Great War, from
1911 to the time of Dr. Hayford's death in 1925. The
work accomplished after 1922 was published in 1929 as
Publication No. 400 of the Carnegie Institution of
Washington, entitled "A New Method of Estimating Stream
Flow based upon & New Evaporation Formula", by J. A.
Folse.

The unusual methods of analysis used in
this research are stated on pages 6-8 of Publication
317, and cen not be repeated here for went of space.
These methods sre applicable to & great many problems
in engineering, "pure" science, economics, et cetersa,
end should be of interest to those concerned.




The results of the reseaerch reported upon
in Publication 317 are stated on pages 8 end 8. These are:

n(1) Reasonably accurate numericel expressions have been
obtained for the effects of barometric pressures on
the elevetion of the water surface at the five sta-
tions, Buffalo, Cleveland, Milwaukee, Mackinaw, -and
Harbor Beach, on Lake Erie and on Lake Michigan-
luron. With these expressions, one may, from the
distribution of barometric pressures ordinarily
shown on the forecast maps of the Weather Buresu,
compute the disturbences in elevetion of the water
surfece thereby produced at the stations named.

The generel method has been developed by which such
& numerical expression for the barometric effect

at sny stetion on any body of water may be derived
from obgervetions of the water elevetion at that
station and the forecast maps for the seme period.

A generel expression, including the necessary numeri-
cal constent, has been obtained for the effect of
winds, of any given velocity end direction, in pro-
ducing a disturbance of elevation of the water sur-
face at any given station, on any body of water,
enywhere in the world. The data required in regard
to the station and the body of water are such as

are ordinarily shown on good charts, namely, the
depths of the water at all points, the location of
the shore line, and the location of the station.

Four of the prevailing seiches, or free oscillations
under the influence of inertia, on Leke Erie and
Lake Michigan-Huron have been isolated. Their
periods and probable methods of oscillation have
been shown. The relation between these seiches

and the uncertainties in daily mean elevations

of the water surface at gage stations has been dis-
cerned. The appreciation of this relation azids de-
cidedly in obteining accurate determinations of the
deily mean elevation of the mean surface of each
lake.




The accuracy with which the elevetion of the mean
surface of any one of the Great Lakes may be deter-
mined for any given day has been decidedly incressed.
On Leke Erie the elevation of the mean surfece of

the leke may now be determined as accurately from

one day of observetion at Buffalo as it was formerly
possible to fix it from 16 days of observation at
that station. Similarly, the elevation of the mean
surface of Lake Michigen-Huron may now be determined
as accurately from one dgy of observation at Mackinaw
as it was formerly possible to determine it from 6
days of observation at that stetion. When one deter-
mines the fluctuation of elevation of the mean sur-
face of a lake he thereby determines the fluctuation
in the total water-content of the lake.

The relations of the new knowledge indicated in (1)
to (5) to four outstending problems have become evi-
dent. <he four problems ere:

(a) The problem of regulating the elevations of the
water surface of each of the Great Lakes -- and the
rates of flow through the connecting streams, so as
to secure the greatest aggregate benefits to naviga-
tion, power, development, and sanitation.

(b) The problem of determining the laws of evapora-
tion from lerge free-water surfaces such as the sur-
face of the Great Lakes.

(¢) The problem of correcting the observed eleva-
tions of the water-surfece at a tide-gage in such

a menner as to remove the disturbances due to winds
and fluctuating barometric pressures and thereby

to secure & more asccurete determination of mean
sea~-level than could otherwise be obtained from
said observations.

(d) The problem of determining the direction and
rate of the tilting, which is believed to be in
progress, of the land underlying end immediately
surrounding the Great Lekes."

J. A. Folse
Curator, Department of Power
Museum of Science and Industry, Chicago
May 3rd, 1937
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