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(3) Reprints giving more general distribution to scientific
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A Gage for the Measurement of
Transient Hydraulic Pressures

By

E. F. RICE
Instructor in General Engineering*

I. Summary and Infroducfon
1. Summary. A pressure pickup was designed and calibrated

for use in testing hydraulic laboratory models and appurtenances. An
electric resistance strain gage was mounted on a brass diaphragm to
respond to strain caused by pressure. When the diaphragm was placed
in a "cell" that could be attached readily to a hydraulic structure,
a pressure gage resulted that was rugged enough to withstand
water hammer, yet sufficiently sensitive to measure surface waves
in a small tank. The variations of resistance of the strain
gage were amplified and recorded (as a measure of fluid pressure)
by a "universal" strain analyzer and oscillograph. The gage was
used for pressure measurement with a siphon spiliway model, for
measurement of water hammer, pump hammer, and for recording
pipe line impact pressures of sonic frequency. It should be applicable
also to studies of other phenomena such as cavitation and surge tank
operation.

2. Background. Pressure measuring devices are of universal
use in fluid mechanics laboratories and elsewhere. Of the numerous
nianometers, hook gages, piezometers, and the like, only two are
commonly used to supply a continuous record: float gages and Bour-
don tubes are frequently mounted to record comparatively slow
fluctuations in liquid surface level or in fluid pressure.

In order to measure rapidly fluctuating pressures encountered
in aerodynamic research, or to record the fleeting pressures incident
to blast measurement, pressure pickups have been specially designed.
Other devices have been placed in earthen dams and under highways
to make records of pressure and of pressure changes.

3. Purpose of study. None of these special devices was
adapted for use in measuring the high-frequency variations obtain-
able in an ordinary fluid mechanics laboratory. Accordingly, it was
decided to design an instrument capable of measuring the transitory

* Now assistant professor of civil engineering at the University of Alaska,
College, Alaska.
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pressures obtained in hydraulic laboratory structures. Specifically,
a device was wanted to record the fluctuations of pressure occurring
in a siphon spiliway model. Such a gage would have to be fairly
sensitive, accurate, and yet reasonably rugged and inexpensive.

Several gages of all-plastic construction were made and found
sensitive enough, but they were unreliable because of the non-linear
stress-strain relationships and the plastic flow of the diaphragm.

A cell containing a brass diaphragm was found to be satisfactory,
and it is the brass cell, equipped with diaphragms of two different
thicknesses, that is the subject of this bulletin.

II. Fundamental Concepts
1. General arrangement. The pressure cell as installed for

calibration appears in Figure 1. Calibration was accomplished by
raising and lowering the water surface in a long tube. Tables 1 and
2 are records of the various water levels and the corresponding
oscillograph pen deflections for each of the two diaphragms.

After calibration the gage was fitted to various pipes and
models. Copper tubing was used for some and flexible plastic tubing
for other installations. (It was found that short copper tubes are
better suited for pressure cell mounting because of the damping

$tra,n 4'iafyzer ce/I

- :-"

Figure 1. Pressure gage installed for calibration.
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effect of the plastic tubing, and because of the distortion of the
signal in long tubes of any material.)

The pressure cell was mounted as near as possible to the point
of measurement. Electrical leads were run from the cell to the strain
analyzer and oscillograph, which were placed on a sturdy table
moved nearby.

2. Diaphragms. Two types of diaphragms were used. Type
"A" was a piece of 0.010 inch brass shim stock soldered to a brass
ring, as shown in Figures 2 and 3. Type "B" was a piece of 0.026
inch brass shim stock mounted the same as A, but not sweated to its
brass ring.

Table 1. CALIBRATION OF 0.010 INCh BRASS DIAPHRAGM,
TENSIONED

Reading Staff gage Pressure
Deflection

lines

Cm Cm
of water

167 150.0 0.0 00
168 170.3 20.3 1.8
169 190.0 40.0 . 3.7
170 210.0 600 5.3
171 230.1 80.1 7.0
172 2508 100.8 8.9
173 270.5 120.5 10.2
174 ..................................................................... 290.7 1407 11.8
175 280.1 130.1 11.0
176 259.9 109.9 9.2
177 240.7 90.7 7.8
178 2212 71.2 61
179 199.1 49.1 4.2
180 180.6 306 2.7
181 1602 10.2 0.8
182 1403 -9.7 -1.0
183 119.9 30.1 2.8
184 99.9 - 50.1 - 4.7
185 79.9 - 70 1 - 6.3
186 60.1 - 89.9 - 8.3
187 40.0 -110.0 -102
188 20.0 -130.0 -12.1
189 02 -149.8 -14.1
190 9.8 -1402 -13.0
191 29.8 -1202 -11.1
192 49.8 -1002 9.2
193 69.9 - 80.1 72
194 90 1 59.9 - 5.3
195 110.0 -400 3.4
196 ..................................................................... 130.0 20.0 - 1.7
197 ...................................................................... 150.0 0.0 0.0

Staff gage set initially at elevation 150.



Figure 2. Exploded view of pressure cell.
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Figure 3. Sectional view of disassembled cell.
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Table 2. CALIBRATION OF 0.026 1 NCII BRASS DIAPHRAGM

Reading Staff gage Pressure
Deflection

lines

Cm Cni
of zater

150.0 0.0 0.0B 2002 502 1.8
250.3 1003 4.3

D........................................................................ 2981 148.1 6.4
E......................................................................... 2503 100.3 4.7
F..........................................................................199.5 49.5 2.7

151.5 1.5 0.7
99.8 -502 -1.7
50.0 -100.0 -.4.0

J..........................................................................0.2 -149.8 -62
50.0 -1000 -4.7
99.6 -50.4 -20

1503 0.3 0.0
200.3 50.3 2.20 251.0 101.0 4.4P 298.4 148.4 6.6Q 250.7 1007 4.7
199.0 490 2.5
150.0 0.0 0 1
100.3 -49.7 -1.3

50.1 99.9 -3.8
02 -149.8 -6.1

W........................................................................ 50.3 -99.7 -42
X.......................................................................... 99.7 50.3 -1.9
Y......................................................................... 150.0 0.0 0.2- --

Staff gage set initially at elcvation 150..
The A-type diaphragm was expected to stretch somewhat as itwas clamped to the projecting ridge of its mating part, and thusavoid the "oilcan effect" of popping from one point of equilibriumto another.
Type B was expected to be flat and rigid enough to make pre-tensioning unnecessary. Apparently both gages worked as anticipatedas no trouble occurred within the range tested.
3. Strain gages. SR-4 strain gages, type A-7, made by the

Baldwin-Hamilton Corporation, Philadelphia 42, Pennsylvania, wereused in all tests. These gages, whose active elements covered an areaof in. x in. on the diaphragm, had a resistance of 120±0.3 ohms
and a gage factor of 1.93±2 per cent.

4. Strain analyzer and oscillograph. A universal analyzer,model BL-320, and a model BL-201 direct-inking oscillograph, manu-factured by the Brush Development Company of Cleveland, Ohio,
were used throughout the tests. These instruments are normallyused to analyze strains in structural lements.
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The gage on the diaphragm acted as one leg of a Wheatstone

bridge. The other three legs of the bridge circuit were precision
resistors of the same rating as the strain gages. It was felt unneces-

sary for the purpose of this study to provide a temperature-com-

pensating dummy gage in one leg of the bridge since the temperature
of the air and water touching the diaphragm did not fluctuate ap-
preciably during the tests. It is recommended, however, that under

less favorable conditions a dummy gage be attached to pressure cells.

The analyzer and oscillograph combination is capable of handling

vibrations up to a frequency of about 120 cycles/sec. The oscillo-

graph could be operated at chart speeds of 1, 5, and 25 lines per
second.

III. Design and Construction

1. Diaphragm design. Thin circular plates, clamped along

their circumference, tend to have two positions of equilibrium when

subjected to equal pressure on both faces. This phenomenon, which

has been called the "oilcan effect," is due initially to the non-planar
condition of the plate, and perhaps to the yielding of the support.

To avoid such an effect, designers of diaphragm-type instru-
ments have (1) distorted the diaphragms intentionally, as in some

barometers, (2) prestretched the material, or (3) used a
thick diaphragm. The last two of these methods were tested during

the course of this study.
The thin diaphragm has the advantage of high sensitivity, as it

deflects readily under small pressures. It must be pretensioned,
however, to avoid the effect mentioned above. It is limited in the
amount of pressure it can handle, because at some pressure, positive

or negative, it ceases to behave like a beam with tension on one side

and compression on the other, and begins to act like a rubber
balloon in tension all over. The calibration curve of such a diaphragm
would be a straight line only at very low pressures.

Another property of a thin diaphragm is its comparatively large

deflection. In deflecting, any diaphragm changes the volume of the

pressure chamber of which it forms one wall. This change in volume

must, of course, cause a motion of liquid in the tube. If this motion

is of appreciable frequency and amplitude, damping of the signal by

the pressure cell itself precludes accurate measurement.
For these reasons a thicker diaphragm was chosen for measure-

ment of higher pressures. The main disadvantage of a thick

diaphragm is that its deflection is relatively small so that the strain
signal must be amplified more than for a thin diaphragm. Conse-
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quently, a thick diaphragm results in a gage less sensitive to slight
changes in pressure.

A material of low elastic modulus would be welcome as a com-
promise, as a thick diaphragm of such material would exhibit most
of the desirable characteristics mentioned above while retaining
some of the sensitivity of the thinner brass. Unfortunately, nearly
all available materials of low elastic modulus have a non-linear rela-
tion of stress and strain.

Brass was found to be an acceptable material, but in order to
achieve satisfactory sensitivity with brass, the diaphragm thickness
had to be selected consistent with the accuracy desired and with the
intensity of pressure expected.

2. Shell. The housing, or shell, of the cell is important only in
its function of providing a leakproof, rigid bearing for the diaphragm,
and as a means of attaching it to the point of pressure measurement.
The design used in these tests is shown in Figures 2 and 3.

Two holes were found to be necessary in order to fill the gage
completely with water. It is difficult to get consistent measurements
if a cell or its pressure line is only partly filled, so an extra hole was
provided for bleeding-off entrapped air. This does not imply
that the gage is unsuitable for measuring air pressure; the gage and
its pressure line must either be entirely full or entirely empty to
obtain reproducible results.

Some consideration was given to cutting a cavity in a brass
block and sweating a diaphragm over it. Such a gage could undoubt-
edly be made simple, economical, and successful. (The plastic gages
previously mentioned were of such a design.) The design finally
selected for these tests was chosen because it lent itself to preten-
sioning and to changing diaphragms. The plexiglas disk provided
a simple mount for the strain gage binding posts, in addition to
forming a cushion to equalize bearing on the inner brass ring. A
silicone stop-cock lubricant was used as lubricant and seal.

3. Suggested modifications. In addition to the solid block
design mentioned above, it might be possible to mount a diaphragm
on a housing of transparent material so that troublesome air
po&ets can be found and eliminated. A plastic base would be satisfac-
tory for this purpose, and it would also provide an insulated mount for
the binding posts. Glass, or plastic-impregnated glass fiber might be
useful for diaphragms. It might even be desirable to design a gage
with a permanently oil-filled cavity in order that strain gages might
be mounted on both sides of the diaphragm. Properly placed in a
bridge circuit, such an arrangement of gages would double the sen-
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sitivity of a pressure cell while sacrificing none of its range. For
specialized purposes, it would be possible to design a gage that would
screw directly into a commercial pipe fitting at the point of pressure
measurement to avoid the attenuation of signals due to fluid motion
in a long tube.

OREGO?I 5TATE COLLEGE
ENGINEERING EXPERIMENT

STATION
I

Fiao
CALISATION
CUPVE3

PQE5SUQE-MEURlNG CELL
CorvaIk,,Or-on 52

00/0"

r/A 5 I IC I.
NE.DLE DCLECTION - UF'IES 7/I NEEDLE DErLEcTION- Lines

026 '

-120
0

U
-160

Figure 4. Calibration curves.
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IV. Calibration
For calibration of the two diaphragms, the cell was mounted near

a vertical glass water-tube that could be filled or emptied through
suitable valves. So that the surface elevation of the water could be
read to an accuracy of about one-tenth of a centimeter, graduated
meter-bars were mounted on each side of the tube. Static pressure in
the tube was transferred by a flexible plastic hose to the pressure cell
mounted nearby. The instruments were so adjusted that the pen did
not deflect from the center line of the chart for zero pressure on the
gage. As the water level was raised or lowered with respect to the
level of the gage, the pen would swing to the left or right of the chart
centerline. The calibration curves of Figure 4 show the deflection
in lines plotted against the pressure in centimeters of water. Note
that while the data for the thick diaphragm plot has a straight line
within the limits of chart readability, the curve for the thinner
(stretched) diaphragm has a slight upward concavity.

V. Performance
I. Water hammer. Figures 5 and 6 are records of water

hammer obtained by closing a valve at the discharge end of a length
(about 35 feet) of 5/16 inch copper tubing. Water in the tube
flovved by gravity from a tank whose surface elevation was about
six feet above the level of the outlet.

2. Siphon spiliway operation. Siphon spiliways remain
among the more mysterious of hydraulic structures, because of the
scarcity of pressure records. Such structures operate at subat-
mospheric pressure, and cavitation occurs at the crests when the
siphon operates under a head of one atmosphere or more.

Figures 7 and 8 are records of the variation of vacuum in a
siphon spiliway model.

3. Pump hammer. Figures 9 through 19 are records made of
the unusual pulsations of a three-inch pump installed in the hydraulics
laboratory at Oregon State College.

4. Sonic pressure waves. Figure 20 was taken at the highest
chart speed. A pipe containing still water under pressure was struck
a sharp blow with a hammer. It is interesting to note the rapidity
with which the waves died out after about a fifth of a second of
relatively constant amplitude.
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VI. Discussion

1. Precision of gage. The gage tested had a precision
limited chiefly by the maximum possible amplification of the signal.
As may be seen from the various charts, the entire range of the
instrument covers only 40 chart lines, or 20 lines on either side of
the centerline, for a given amplification. (The gages used in these
tests were operated at the highest obtainable amplification except for
some of the more energetic pulses of pump hammer that had to be
reduced by a factor of a fifth or a tenth.) For the diaphragms used,
the gage moduli were about 12- and 23-cm of water per line of pen
deflection, respectively, for the thin and thick diaphragms. Since
chart readings are estimated to the tenth of a line, this implies a
precision of plus or minus 1.2 and 2.3 cm of water.

In measurements of dynamic pressures, additional errors may be
present due to the attenuation of signals in long approach tubes, and
to the damping effect of flexible hoses and diaphragms as they yield
and j-ecover from pressure fluctuations. The magnitude and type of
such errors are small for fluctuations of low frequency and/or low
amplitude, and are relatively smaller for thick diaphragms than for
thin. To minimize them in future tests, a short stiff tube should be
used to connect the gage to the pressure point, or, better still, the gage
should be attached directly to the structure with no intervening tube.
In such cases larger openings would be desirable for the accurate
measurement of wave shapes of high frequency and magnitude.

2. Applicability to hydraulic laboratories. Figures 5 to 20
illustrate the type of data that can be accumulated with a gage of this
nature. Many other applications are possible. For a device to be
practical for research or instruction in a laboratory, however, it must
be versatile, rugged, and reasonably cheap. If the first cost can be
met, its usefulness, accuracy, and freedom from "bugs" will be
factors in its economy.

VII. Conclusions

1. Such gages as the one here described are simple and inex-
pensive to make and are simple to use; however, the necessary
associated equipment is relatively quite costly.

2. Research in some fields can be promoted by the use of such
an instrument.

3. Gages of this type are useful in the field of fluid mechanics,
and the recording and amplification equipment are well-suited for
use in other independent fields, such as structural strain analysis.
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4. Modification along the lines suggested, and perhaps along
other lines, might result in a device of even greater usefulness.
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Figure 5. Water hammer is caused by suddenly stopping the flow through a conduit.

Figure 6. At reduced chart speed, water hammer shows as a more compressed curve. Chart motion
is to the left.

Figure 7. Siphon spiliway model exhibits strong vacuum as it primes and flows full.

Figure 8. Erratic negative pressures occur i'n a siphon spiliway model flowing at partial capacity.
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Figure 9. Pressure waves develop when a hose is subjected to impact, as when a vehicle crosses a
fire hose. (These waves were caused by finger pressure on a laboratory tube.)

Figure 10. Dying wave groups result from manually squeezing a flexible plastic tube (Tigon).

Figure 11. Beat developed by a three-inch laboratory pump at low flow. Average pressure on gage:
24 psi.

Figure 12. At faster chart speed, beat curve is more legible.
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Figure 14. Higher pump speed changes frequency and form of beat.

Figure 15. One cycle of the beat in Figure 10 is shown at highest chart velocity.

Figure 16. Increased flow results in an entirely different form of beat.
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Figure 17. Increased flow results in an entirely different form of beat. (Same as Figure 16, but at
increased chart speed.) Figures 16 and 17 have ordinates one-fifth of their true height by
reduced amplification.

Figure 18. Unusual beat curve taken on the vacuum side of pump.

Figure 19. Pressure side of pump shows widely fluctuating pressure during beat.

Figure 20. Water pipe, hit with hammer, developed pressure fluctuations of about 62.5 cycles per
second.
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No. 18. The Use of Fourier Series in the Solution of Beam Problems, by B. F. Ruff-
ncr. 1944.
Fifty cents.

No. 19. 1945 Progress Report on Pollution of Oregon Streams, by Fred Merryfield and
\V. G. Wilmot. 1945.
Forty Cents.

No. 20. The Fishes of the Villamette River System in Relation to Pollution, by R. E.
Diniick and Fred Merryheld. 1945.
Forty cents.
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No. 21. The Use of the Fourier Series on the Solution of Beam-Column Problems,
by B. F. Ruffncr. 1945.
Twenty-five Cents.

No. 22. Industrial and City Wastes, by Fred Merryfield, W. B. Bollen, and F. C.
Kachelhoffer. 1947.
Forty cents.

No. 23. Ten-Year Mortar Strength Tests of Some Oregon Sands, by C. E. Thomas and
S. H. Graf. 1948.
Twenty-five cents.

No. 24. Space Heating by Electric Radiant Panels and by Reverse.Cycle, by Louis
Siegel. 1948.
Fifty Cents.

No. 25. The Banki Water Turbine, by C. A. Mockmore and Fred Merryfield. Feb
1949.
Forty cents.

No. 26. Ignition Temperatures of Various Papers, Woods, and Fabrics, by S. H. Graf.
Mar 1949.
Sixty cents.

No. 27. Cylinder Head Temperatures in Four Airplanes with Continental A-65 En.
gines, by S. H. Lowy. July 1949.
Forty cents.

No. 28. Dielectric Properties of Douglas Fir at High Frequencies, by J. J. Wittkopf
and M. D. Macdonald. July 1949.
Forty cents.

No. 29. Dielectric Properties of Ponderosa Pine at High Frequencies, by J. J. Witt-
kopf and M. D. Macdonald. September 1949.
Forty cents.

No. 30. Expanded Shale Aggregate in Structural Concrete, by D, D. Ritchie and
S. H. Graf. Aug 1951.
Sixty cents.

No. 31. Jmprovencnts in the Field Distillation of Peppermint Oil, by A. I). Hughes.
Aug 1992.
Sixty cents.

No. 32. A Gage for the Measurement of Transient Hydraulic Pressure, by E F. Rice.
Oct 1952.
Forty cents.

Circulars-

No. 1. A Discussion of the Properties and Economics of Fuels Used in Oregon, by
C. E. Thomas and G. D. Keerins. 1929.
Twenty-five cents.

No. 2. Adjustment of Automotive Carburetors for Economy, by S. H. Graf and G. W.
Gleeson. 1930.
None available.

No. 3. Elements of Refrigeration for Small Commercial Plants, by 'IV. H. Martin.
1935.
None available.

No. 4. Some Engineering Aspects of Locker and Home Cold-Storage Plants, by W. H.
Martin. 1938.
Twenty cents.

No. 5. Refrigeration Applications to Certain Oregon Industries, by W. H. Martin.
1940.
Twenty-five cents.

No. 6. The Use of a Technical Library, by \V. E. Jorgensen. 1942.
Twenty-five cents.

No. 7. Saving Fuel in Oregon Homes, by E. C. Willey. 1942.
Twenty-five cents.

No. 8. Technical Approach to the Utilization of Wartime Motor Fuels, by %V. H. Paul.
1944.
Twenty.five cents.

No. 9. Electric and Other Types of House Heating Systems, by Louis Siegel. 1946.
Twenty-five cents.

No. 10. Economics of Personal Airplane Operation, by W. J. Skinner. 1947.
Twenty-five cents.

No. 11. Digest of Oregon Land Surveying Laws, by C. A. Mockinore, M. P. Coopey,
B. B. Irving, and E. A. Buckhorn. 1948.
Twenty-five cents.

No. 12. The Aluminum Industry of the Northwest, by J. Granvihie Jensen. 1950.
None available.
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No. 13. Fuel Oil Requirements of Oregon and Southtrn Washington, by Chester K.
Sterrett. 1950.
Twenty.five cents. -

No. 14. Market for Glass Containers in Oregon and Southern Washington, by Chester
K. Sterrett. 1951.
Twenty-five cents.

No. 15. Proceedings of the 1951 Oregon State Conference on Roads and Streets,
April 1951.
Sixty cents

Reprints

No. 1. Methods of Live Line Insulator Testing and Results of Tests with Different
Instruments, by F. 0. McMillan. Reprinted from 1927 Proc NW Elec
Lt and Power Assoc.
Twenty cents.

No. 2. Some Anomalies of Siliceous Matter in Boiler Water Chemistry, by R. K.
Summers. Reprinted from Jan 1935, Combustion.
Ten cents.

No. 3. Asphalt Emulsion Treatment Prevents Radio Interference, by F. 0. McMillan.
Reprinted from Jan 1935. Electrical West.
None available.

No. 4. Some Characteristics of A.0 Conductor Corona, by F. 0. McMillan. Reprinted
from Mar. 1935, Electrical Engineering,
None available.

No. 5. A Radio Interference Measuring Instrument, by F. 0. McMillan and H. G.
Barnett. Reprinted from Aug 1935, Electrical Engineering.
Ten cents.

No. 6. Water-Gas Reaction Apparently Controls Engine Exhaust Gas Composition, by
G. W. Gleeson and W. H. Paul. Reprinted from Feb 1936, National
Petroleum News.
None available.

No. 7. Steam Generation by Burning Wood, by R. E. Summers. Reprinted from
Apr 1936, Heating and Ventilating.
Ten cents.

No. 8. The Piezo Electric Engine Indicator, by W. H. Paul and K. R. Eldredge.
Reprinted from Nov 1935, Oregon State Technical Record.
Ten cents.

No. 9. Humidity and Low Temperature, by W. H. Martin and K. C. Willey. Re.
printed from Feb 1937, Power Plant Engineering.
None available.

No. 10. Heat Transfer Efficiency of Range Units, by W. J. Walsh. Reprinted from
Aug 1937, Electrical Engineering.
None available.

No. 11. Design of Concrete Mixtures, by I. F. Waterman. Reprinted from Nov 1937,
Concrete.
None available.

No. 12. Water-wise Refrigeration, by W. H. Martin and R. K, Summers. Reprinted
from July 1938 Power.
Ten cents.

No. 13. Polarity Limits of the Sphere Gap, by F. 0. McMillan. Reprinted from Vol.
58, AIEE Transactions, Mar 1939.
Ten cents.

No. 14. Influence of Utensils on Heat Transfer, by W. G. Short. Reprinted from
Nov 1938, Electrical Engineering.
Ten cents.

No. 15. Corrosion and Self.Protection of Metals, by R. K. Summers. Reprinted from
Sept and Oct 1938, Industrial Power.
Ten cents.

No. 16. Monocoque Fuselage Circular Ring Analysis, by B. F. Ruffner. Reprinted
from Jan 1939, Journal of the Aeronautical Sciences.
Ten Cents.

No. 17. The Photoelastic Method as an Aid in Stress Analysis and Structural Design,
by B. F. Ruffner. Reprinted from Apr 1939, Aero Digest.
Ten cents.

No. 18. Fuel Value of Old.Growth vs. Second-Growth Douglas-Fir, by Lee Gabie.
Reprinted from June 1939, The Timberman.
Ten cents.

No. 19. Stoichiometric Calculations of Exhaust Gas, by G. W. Gleeson and F. W.
Woodfield, Jr. Reprinted from Nov 1, 1939, National Petroleum News.
Ten cents.
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No. 20. The Application of Feedback to Wide.Band Output Amplifiers, by F. A.
Everest and H. R. Johnston. Reprinted from Feb 1940, Proc of theInstitute of Radio Engineers.
Ten cents.

No. 21. Stresses Due to Secondary Bending, by B. F. Ruffner. Reprinted from Proc
of First Northwest Photoelasticity Conference, University of Washington,
Mar. 30, 1940.
Ten cents.

No. 22. Wall Heat Loss Back of Radiators, by E. C. Willey. Reprinted from Nov1940, Heating and Ventilating.
Ten cents.

No. 23. Stress Concentration Factors in Main Members Due to Welded Stiffeners, by
\V. R. Cherry. Reprinted from Dec 1941 The Welding Journal, Research
Supplement.
Ten cents.

No. 24. Horizontal-l'olar-Pattern Tracer for Directional Broadcast Antennas, by F. A.Everest and W. S. Pritchett. Reprinted from May 1942, Proc of TheInstitute of Radio Engineers.
Ten cents.

No. 25. Modern Methods of Mine Sampling, by R. K. Meade. Reprinted from Jan.1942, The Compass of Sigma Gamma Epsilon.
Ten Cents.

No. 26. Broadcast Antennas and Arrays. Calculation of' Radiation Patterns; Imped.
ance Relationships, by Wilson Pritchett. Reprinted from Aug and Sept1944, Communications.
None available.

No. 27. Heat Losses Through \Vetted Walls, by E. C. Willey. Reprinted from June
1946, ASHVE Journal Section of Heating, Piping, & Air Conditioning.
Ten cents.

No. 28. Electric Power in China, by F. 0. McMillan. Reprinted from Jan 1947,Electrical Engineering.
Ten cents.

No. 29. The Transient Energy Method of Calculating Stability, by P. C. Magnusson.
Reprinted from Vol 66, AIEE Transactions, 1947.
Ten cents.

No. 30. Observations on Arc Discharges at Low Pressures, by M. J. Kofoid. Reprintedfrom Apr 1948, Journal of Applied Physics.
Ten cents.

No. 31. Long.Range Planning for Power Supply, by F. 0. McMillan. Reprinted fromDec 1948, Electrical Engineering.
Ten cents,

No. 32. Heat Transfer Coefficients in Beds of Moving Solids, by 0. Levenspiel andj. S. Walton. Reprinted from 1949 Proc of the Heat Transfer andFluid Mechanics Institute.
Ten cents.

No. 33. Catalytic Dehydrogenation of Ethane by Selective Oxidation, by J. P. McCul-lough and J. S. Walton. Reprinted from July 1949, Industrial andEngineering Chemistry.
Ten cents.

No. 34. Diffusion Coefficients of Organic Liquids in Solution from Surface Tension
Measurements, by R. L. Olson and J. S. Walton. Reprinted from Mar1951, Industrial and Engineering Chemistry.
Ten cents.

No. 35. Transients in Coupled Inductance-Capacitance Circuits Analyzed in Terms ofa Rolling-Ball Analogue, by P. C. Magnusson. Reprinted from Vol 69,AIEE Transactions, 1950.
Ten cents.

No. 36. Geometric Mean Distance of Angle-Shaped Conductors, by P. C. Magnusson.
Reprinted from Vol 70, AIEE Transactions, 1951.
Ten cents.

No. 37. EnergyChoose It Wisely Today for Safety Tomorrow, by G. W. Gleeson.
Reprinted from August 1951, ASHVE Journal Section of Heating, Piping,
and Air Conditioning.
Ten cents.

No. 38. An Analysis of Conductor Vibration Field Data, by R. F. Steidel, 'Jr and
M. B. Elton. AIEE Conference Paper presented at Pacific General Meeting,
Portland, Oregon, August 23, 1951.
Ten cents.

No. 39. The Humphreys Constant-Compression Engine, by W. H. Paul and I. B.Humphreys. Reprinted from SAE Quarterly Transactions April 1952.
Ten cents.




