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INTRODUCTION 

History 

Many centuries ago it was learned 

that the earth behaves like a huge magnet. 

As early as 1100 B. C. there were "south-

pointing carts" in use in China. Some 

contend that the magnetic properties of 

the earth were recognized as early as 

2634 B. C. 

However, it was not until the latter 

part of the 15th century, after the 

epochal voyage of Columbus, that western 

civilization began seriously to appreciate 

and to study terrestrial magnetism. About 

this time, it was found that the compass 

needle did not point to the true north 

and Robert Norman discovered the magnetic 

dip. In addition, it was soon observed 

that the Vcirious elements of the earth's 



field varied from place to place, and fiTom 

time to time, at the same location. 

After 1600 A. D., with the publication 

of Gilbert's Qg, Magnete. physicists began 

seriously to study the nature of the earth's 

magnetic field and to advance theories as 

to its origin. The result is that maiy 

theories have been advanced; but each 

fedls , in some way, to account for all 

of the observed facts. 

Studies were made, during the 17th 

and 18th centuries, on the Vciriations 

of the compass and dipping needles, etc.; 

and a connection between the magnetic 

disturbances and the aurora was noted 

by C<'mton and Wargentin, 1769. 

However, Gauss, in 1834, at 

Gbttingon, was the first to instigate 

regular observational work on the 

subject of terrestrial magnetism. Since 

he laid the foundation for making absolute 



measurements, we still use the Gauss 

(one line of force per square centimeter) 

aa our unit for measuring the magnetic 

intensity at any given point. Gauss 

concluded that the greater part of the 

earth's field was internal and that the 

remcdnder was external* 

Gauss's equation^ describing the 

potential, c/2 of any magnetic system 

(using polar coordinates) ist 

/ r^ Bg (sin/j/g^ cos m/̂  / h^ /sin mA) 

g and h are the Gaussian constants 

r is the distance from the origin 

X is the East Longitude 

I is the latitude 

n-m-4 

1. Williams, R. S., Magnetic Phenomenê y 
McGraw-HiU, 1931, page 193 

2. Encycl pedia Britannic a, 14th Edition, 
Vol. 21, page 961 



Using this equation. Gauss found very 

close agreement between calculated and 

observed values. It is still used to 

describe the mtignetic intensity at any 

point upon the surface of the earth. 

The magnetic field of the earth is 

approximately that of a uniformly magnetized 

sphere. About 70% of the errth's field 

is symmetrical with respect to its axis 

of rotation while the remaining 30% is 

unsymmetrical. Recent studies on cosmic 

r̂ iys furnish further proof that "tha 

earth's magnetic field is lopsided." 

The v̂ iriable part of the earth's 

field seems to originate outside of the 

earth; although, according to S. Chapman, 

about 28% of it owes its origin to sources 
5 

inside of the earth. 

3. "Nature", August 1923, No. 2808, Vol. 112, 
page 297 

4. "Science News Letter", Nov. 30, 1936, 
Vol. 28, No. 764, page 340 

6. "Phil. Trans A.», 213, 1913, page 279 
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Nippoldt, in 1921, published a paper 

in the Journal of Terrestrial Magnetism 

and Atmospheric Electricity, giving a 

physical theory to the earth's magnetic 

field: 

"The principal part of the earth's 

field consists of a non-homogeneous 

m€Lgnetization of the earth's cinist down 

to a depth of about 20 km. In addition, 

there may exist, for the earth's nucleus, 

a magnetic field symmetrical both /about 

the e-rth's axis of rotation and tlie 

equatorial plane, which may have arisen, 

in the same manner, as has the sun's 

general magnetic field. Besides these 

two fields, there may be, in general, a 

third interplanetary field, whose ;̂ocis is 

perpendicul^ir to the pi !ine of the ecliptic 

and which may be caused by the sun's 

electric radiation." 

1. Williams, R. S., Magnetic Phenomena, 
McGraw-Hill, 1931, page 194 
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In 1922, Dr. Louis A. Bauer, at that 

time director of the Department of Terrestrial 

Magnetism, U. S. Coast and Geodetic Survey, 

advanced the idea that the earth's field 

might be considered as being composed of 

three systems; 94% intei'iial, 3% extomal, 
3 

euid 3% non-potential. The internal 

magnetic system is due to the composition 

of the earth itself. 

After the experiments of Faraday, it 

was realized that the motion of the earth 

would produce an elect ic field in the 

surrounding spree. This brought up the 

question I Is the ê irth a permanent 

magnet or an electre- m;ignetT However, 

one cannot consider the earth's entire 

field to be vvholly the result of permanent, 

residual, magnetic properties in :is much 

as this would not produce a field neĉ rly 

so large as that actually observed. 

3. "Nature," August 1923, No. 2808, Vol. 112, 
page 296 
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The earth, like other magnetized 

bodies, has two magnetic poles. The 

location of tlie north magnetic pole is, 

approxim tely, 71 degrees N. latitude nd 

96 degrees W. longitude, while the 

south magnetic pole is located at about 

73 degrees S. latitude <und 166 degrees 

E. longitude. Thus it appe rs that, if 

a line were drawn between the two poles, 

this line would be some 760 miles distant 

from the geometrical center of the earth. 

In addition, it has been found that these 

poles are not at the surface of the earth, 

but are 1̂  cated many miles toward the 

interior. 

In any study of the earth's magnetic 

field, one must consider one or 11 of its 

so-called elements: the dip, declination, 

horizontal component, vertical component, 

and the total intensity. For the purpose 

of this work, only the horizontal component 

of the e.'irth's magnetic field h s been 

considered. 
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VARIATIONS 

In as much as no theoiy completely 

describes the obseiTved results, the pre

sent tendency is to collect data, to an

alyze it, and to meike as many coiTela-

tiona as possible. 

For the sake of comparison, the days 

for which data have been compiled are 

classified as (1) quiet or undisturbed 

and (2) days of considerable disturbance. 

The so-called "quiet" days are considered 

as being normal. By quiet days is meant 

a group of selected days on which all of 

the magnetic readings are parallel and 

vary little from the mean value for the 

year. These :iire chosen for each month 

by the Astronomer Royal. 

"If the magnetic quiet day effect 

were to persist throughout the ye?3r, it 

would cause a secul;ir change about ten 

times that gener^ly observed. However, 
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the quiet days are in the minority, 

being exceeded three times and more 

unquiet dr^s on which the magnetic effect 

is of an opposite or compensating kihd 

to that of the quiet day."' 

The variations of the earth's magne

tic field, with respect to the time, may 

be divided as follows: 

I. Cyclic variations 

1. Secular or long-period 

2. Eleven-year 

3. Annual 

4« 27-day 

6. Diurnal or daily 

II. Irregular chcinges or Magnetic 

Storms 

SECULr̂ R W.RIATIONS: 

One of the first of these to be 

observed wais the secular or long period 

variations. They seem to be linked with 

solar phenomena, the rotation of the 

earth and sun, and the precession of the 

eq\iinoxes. These changes extend over a 

7. "Terrestrial Magnetism and Atmospheric 
Rliint.rloity," Dec. 1915, Vol. 20, No.4, 
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period of hundreds of years. 

Dr. L. A. Bauer concluded that the 

average intensity of the earth's magnetic 

field was decreasing at the rate of about 

1/1500 part per year during the last 80 

ye€u»8. 

This period is coincident with the 

sun-spot cycle* Fath oays, " - — the times 

of maximum number of spots occur about 

every 11 years. — — ^ 

"The sunspots of the new 11.6 year 

cycle which appears in high latitudes 

after a mimimum of solar activity are of 

opposite magnetic pol;irity in the northern 

and southern hemispheres. - — — 

"This law of reversal of polarity in 

successive cycles was found to hold-—. 

It is therefore evident that the full spot 

3. "Nature," Aug. 1923, No. 2808, Vol. 112, 
page 296 

8. Fath, E. A, Elements 2£ Astronomy. 
McGraw-Hill, 1926, page 105 
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period, at least that refeiring to magnetic 

polarity, is 23 years, and not 11.5 years 

as it is for spot frequency. —— — We may 

therefore find ultimately that the true 

spot period, as to both magnetic polarity 

and frequency, has a mean duration of 23 
8 

years." This discovery was announced 

by Hale and Nicholson in 1925. 

ANNUAL CHANGE: 

The annû il variations seem to be 

closely associated with the revolution of 

the e.j?th about the sun. This one-year 

periodicity is more pronounced in 

measurements of the declination and 

occurs simultaneously and in opposite 

directions in the northern and southern 

hemispheres. However, this annual change 

is far from being const^mt. 

8. Fath, E. A., Ijlements of Astronomy, 
page 109 
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27-D>-wY PERIOD: 
1 

Kreil is given the credit for having 

discovered that the moon plays a part in 

the observed fluctuations of tlie eaî th's 

magnetic field. These vririntions are 

better known as the 27-day periods, and 

they correspond to the moon's time for one 

complete revolution about the e.rth. 

"The moon — — . in a slight degree 
8 

affects the magnetic field of the earth." 

These effects are explained as being due, 

in part, to the tides set up within the 

earth's crust. 

DAILY OR DIURNAL VARI.^TIONS; 

Perhaps the best known and most 

studied of these cyclic variations in the 

earth's magnetic field is the daily or 

diu]?ncil ch^mges. These are, partly at 

least, due to the relative positions 

of the earth, the moon, and tlie sun. 

1. Williams, S. R., Magnetic Phenomena, 
ptsges 192-3 

8. Fath, E. A., Elements of Astronomy, 
pages 75 
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A preliminary mathematical analysis 

made by Schuster and presented before 

the Royal Society of England in 1889 led 

to the conclusion that "the principal 

part of the diurnal variation is due to 

causes outside of the earth's surface, 

and probably to electric currents in the 
7 

atmosphere—— •" 

Schuster explained this feict by 

Baying "that the horizontal movement in 

the atmo8phez*e, which must accompany 

a tidal action of the sun and moon or 

any periodic variation of the barometer, 

such as is actually observed, would 

produce electric currents in the atmosphere 

having magnetic effects similar in char

acter to the obseinred diurnal Vciriations." 

7." Journal of Terrestrial Magnetism and 
Atmospheric Electricity, Dec. 1915, 
Vol. 20, No. 4, page 143 

1. Williams, R. S., Mapjietic Phenomena, 
McGraw-Hill, 1931, page 193 
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Therefore, it would seem that there 

are two primary causes for the observed 

diurnal oscillationss the one, purely 

semi-diurnal in character, which is due 

to the rotation of the eartli within a 

certain magnetic field fixed relative 

to the moon^ and the other 

to the rotation of the earth within the 

sun's magnetic field. 

MAGNETIC STORMS OR /wPERIQDIC V/\RIATIONSi 

In addition, there are acyclic changes 

which are called "Magnetic storms". According 
Q 

to Dr. Bauer*̂ , there "are clearly three 

typel^ of magnetic storms: (1) Cosmic 

ones, due to changes in the regions above; 

(2) telluric ones, insulting from changes 

within the interior of the earth; and 

(3) regional or local ones, resulting 

from changes within or external to the earth's 

crust, whose field of action is limited 

to a restricted region of the earth and 

the center or focus of which, while some

times stationary, generally travels from 

place to place." 

Q. Mp,.4n,»4n.i Facts of the Earth's Magnetism," 
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CORRELATIONS 

Many coivelations have been attempted 

from time to time between these variations , 

both regular and irregular, in the earth's 

magnetic field and various terrestrial 

phenomena; the results have, for the 

most pca*t, been most enlightening and 

satisfactory. 

Since our sun is, from the earth point 

of view, a sou3?ce of almost unlimited 

energy; and, in as much as it is now 

known that the sun possesses a m̂ dgnetic 

field similar in character to that of the 

earth's, physicists early began searching 

for possible relationships between solar 

activity and tejrrestrial magnetism. 

"Many phenomena, such as sunspots 

(as previously mentioned), the variations 

in the earth's magnetic field, the varia

tion of the solar constant (1.94 calories 

per minute), ani the number ĉ d intensity 
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of teiTestrial auroras, the shape of the 

solar corona, the faculae (bright spots) 

and solar prominences, have pe dods 

which run parallel to each other and 

ax^ probably more or less closely 
8 

related." 

In speaking of aurorae, Gilbert 

says, "The more brilliant shifting 

displays are always accompanied by mrgne* 

tic storms and frequently by heavy 
10 

earth currents———." 

During the First Byrd Anartic Ex-

pedition , a statistical analysis was 

made of the concurrent magnetic and 

auroral values obtained at Little 

America. Although the data was not 

considered sufficient for definite and 

specific conclusions, the following 

facts seem to have bev n established: 

8. Fath, E. A, Elements of Astronomy, 
McGraw-Hill, 1926, page 110 

10. Gilbert, N. E.. Electricity and 
Magnetism. The Macmillan Co., 1932, 
page76 

6. Ennis, C. C , "The National Research 
Council Bulletin, 1935, Part I," 
page 165 
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(1) The greatest activity in each, on the 

basis of hourly ranges, occurred from the 

9th to the 19th hour; (2) the time of 

maximum and minimum values were in close 

agreement for both; — — ( 4 ) in sDme 

cases, a fairly high correlation was 

shown. 

C. J. McGregor, in discussing auroral 

observations in Barrow, Alaska, says, 

"Auroral :ind magnetic disturbances are 

simultaneous phenomena and are due to the 
6 

electric currents in the higher atmosphere." 

Professor V. R. Fuller found better than 

60% correlation, without taking into account 

the type of activity of either. 
9 

According to Dr. L. A. Bauer-, "Changes 
in the earth's magnetism of appreciable 

amoimt are found associated with changes in 

6. "National Research Council Bulletin, 1935, 
Part I," page 147 

11. "JoumaLl of Terrestrial Magnetism and 
Atmospheric Electricity," Sept. 1935, 
Vol. 40, No. 3, page 271 

9« "Journal of Terreatrial Magnetism and 
Atmospheric Electricity," Dec. 1915, 
Vol. 20, No. 4, page 167 
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solar radiation as shown by values of the 

solar constant possessing the requisite 

accuracy. 1% decrease in the intensity 

of the solar constant appears to be 

accompanied by .002 of 1% increase in the 

magnetic constant and decreased diuc*nal 

range. 

"The magnetic effects during total 

solar eclipses are in general harmony 

with, and -re equivalent to, those which 

might be expected from a change in the 

intensity of sol̂ ir radiation.-— 

Since these acyclic (magnetic) effects 

appê jr to be associated with solar 

ch?uiges and since the 1- tter are — -

more or less sporadic, - — there has 

been found to be a corresponding annual 

change in the solar constant and 

(terrestrial) mignetic changes." 

Pertubations in the absolute value 

of the earth's magnetic field are more 
12 

numerous at the time of equinoxes. 

This fact has been verified many times. 

12. "Journal of ..traospheric Electricity 
iJid Terrestrial Magnetism," Win. 
Ennis, M rch 1917, Vol. 22, No. 1, 
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With the discovery of cosmic rays, 

additional facts are being learned. Of 

just how much assistance these will be 

in the study of terrestrial magnetism, 

time and investigation ilone will tell. 

However, marked relationships h-ve already 

been discovered between the deflection, 

the ionization, and the intensity of 

cosmic rays and the rise Jid fall of the 

ionosphere. This is shown by changes in 

radio transmission and by ionization 
13 

currents in the earth's upper atmosphere. 

On the basis of previous measurements, it 

was found that cosmic radiation produced a 

marked effect in the electrical conductivity 

of the earth's u.̂ per atmosphere. In turn, 

this produces an effect on tlie reflection 

of radio waves from the ionosphere. Other 

simil-r studies have cond re now being 

made. 

13. Johnson, T. H., "Transactions of the 
American Geophysical Union, 16th 
Annual Meeting, 1935," reprint. 
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PREVIOUS STUDIES AT LUBBOCK, TEXAS 

In 1927, a series of studies were 

begun on the subject of saad-storm elec

tricity. This was undertaken in an at

tempt to see if there were magnetic 

effects accompanying the unusual elec

trical phenomena observed during severe 

sandstorms* 

In 1932, a non-magnetic laboratory 

was constructed at a distance of 210 yards 

from the nearest buildings, power lines, 

pipe lines, etc.; and two m^^gnetometers, 

one verticeO. fxnd the other horizontal, of 

the Ask-.nia type, were purchased. 

During the school year 1933-34, Pres

ton Conner, a graduate student, Made a 

series of measurenents on "Terrestrial 

Magnetic Variations at Lubbock, Texas aa 

Affected by Climatic Conditions" and read 
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a paper on his results at the spring 

meeting of the Southwestern Division 

of the American Association for the 

Advancement of Science. V/hile com

menting on this paper. Dean Lester, 

of the University of Colorado, men

tioned a previous paper read by Mr. 

Harry A. Aurand (at that time con

sulting geologist for the Mid-West 

Oil Refining Co.) in 1930, before 

the Technical Division of the South

western Division of the American 

Association for the Advancement of 

Science. Mr. Aurand reported that 

he had observed a close correlation 

between magnetic readings, barometric 

readings, and tlie weather. 

The next study, at Lubbock, Texas, 

was made by Kimsey Miller, under the 

direction of Dr. E. F. George, during 

the summer of 1934 in connection with 

his master's thesis, "Diurnal Varitions 

in the Earth's Magnetic Field at Lubbock, 

Tex s." 



23 

The results of Mr. Miller's measin'e-

ments seemed to indicate a close relation

ship between sandstorms and variations 

in the earth's magnetic field. 
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THE PROBLEM AT HAND 

This particular work was started in 

the fall of 1936 in an attempt to verify 

the conclusions of Mr. Aurand as to the 

relationship between magnetic variations 

and the barometric pressure eind as a 

continuation of the work already begun 

here at Texas Technological College under 

the direction and guidance of Dr. E. F. 

George of the Physics Department. 

In so far as possible, all clim̂ .tic 

Viiriations, such as rain, sandstorms, 

hails, electrical storms, etc. in Lubbock 

and in the surrounding areas have been 

taken into account. 
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BUILDING AND EQUIPMENT 

The equipment used is essentially 

the same as that used by Bdiller and 

Conner during their investigations. 

Detailed descriptions of the magnetometer 

is given in Miller's thesis pages 13-20. 

The building used to house the vari

ometer is the same with a few added im

provements. It is made of pine boards, 

fastened together with copper nails. 

Outside of this has been added a Isyer of 

builders paper and a layer of rubberized 

roofing; the windows have been fastened 

down and covered, in an effort to hold the 

temperasture inside of the building as nearly 

constant as possible. In addition to thses 

changes, the ground floor has been lowered 

about 4 feet below the surrounding area* 

The magnetometer has b sen overhauled 

by the Askania Corporation and is now 

rigidly and permanently set up. 
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ICTHOD OF OBSERVATIONS 

Barometric pressure readings were 

taken from an aneroid ba2»ometer, located 

in the basement of the Chemistry Build

ing, from October 2, 1935 until June 9, 

1936. From June 6, 1936 to August 1, 1936, 

hourly readings have heen taken from the 

mercurieil btirometer. During this entire 

period, October 2, 1935 to August 1, 1936, 

these observations have been checked with 

a recording barograph. 

In iKddition to the data which we 

have collected, v/e have secured from the 

Horticulture Department, Texas Technological 

College, their values for maxima and 

minima temperatures for each 12-hour period, 

wind velocity readings for each 12-hour 

period, relative hiimidity readings 
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7:00 a.m. and 7:00 p.m. for this same 

internal of time. 

Magnetometer readings have been 

taken three times daily, October 2, 1935 

to June 1, 1936, with a fair degree of 

regul'irity, with the exception of two 

periods of two weeks each. These 

readings were taken at 9i00 a.m., 1:00 p.m., 

and 6:00 p.m. Occa^sionally, additional 

readings were made at times of seemingly 

unusual conditions. 

From June 1, 1936 to August 1, 1936, 

hourly measurements for magnetometer and 

barometer values have been Recorded, 7:00 

a.m. to 6:00 p.m. inclusive. 

Also, atmospheric temperature values 

were recorded between the hours of 7:00 

a.m. to 6:00 p.m. inclusive for the period 

July 7, 1936 to August 1, 1936. 

From June 9, 1936 to August 1, 1936, 

the hourly observations were made as a 

further ehack on diurnal variations, etc. 
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At the time of reading the magnetometer, 

the temperature of the instrument was recorded 

and a collection of -.1 scale division 

for each degree rise in temperature wa^ 

made on all readings. (One scale division 

of the instrument is equivalent to 27.1 gamma) 

A note was made, at the same time, of 

existing weather conditions. These observa

tions have been supplemented by reports 

from the Experiment Farm, Lubbock, Texas; 

reports of the West Tex^s Gas Co., Lubbock, 

Texas; newspaper reports; and c arefully 

checked reports from reliable individuals. 

The Magnetic Observatory of the Depart

ment of Terrestrial Magnetism, U. S. Coast 

and Geodetic Survey, has been kind enough to 

furnish additional information regarding 

world v/ide and regional magnetic storms on 

certain specific dates. 

Earthquake lists have been compiled 

from issues of the "Science News Letter" 
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for the period. These have been supple

mented by reports from the Jesuit 

Seismological Associ tion, St. Louis, 

Mo. and of the U. S. Coast rtnd Geodetic 

Survey, Washington, D. C. 

aam SXPL'^NATIONS: 

As Mr. Miller pointed out in his 

thesis, the Askania Variometer does 

not give the absolute value of the 

intensity but only the variations. 

Therefore, the values in gamma given 

represent only the variations find not 

the true value. 
—5 

One gamma is 10 Gauss. 
We h^ve defined as bad weather: 

hail, snow, sleet, rain, mist, heavy 

fog} sandstorms, dust storms; dark 

ominous clouds, thunder, lightning 

in as much as such conditions »ire very 

rare in this particular vicinity. 
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CORRELATION I: TIIE WE/̂ TH£R 

The primary aim of this study was to 

investigate the possibility of a coirre-

lation between variations in the earth's 

magnetic field and the weather. Figures 

1-29 inclusive show the result of this 

survey. 

The heavy horizontal line x^resents 

the averages for the period, October 2, 

1936 to June 1, 1936 for both the mcignetometer 

and the barometer readings. The variations 

in gsmma (scale, 1 inch equals 40 gamma) 

from the average of the corrected magnetometer 

scale value are given by the solid curve. 

The average magnetometer value was 22.92 

scale divisions. The v riations of the 

barometer readings from the average of 

28.6 inches are shown by the broken line. 

For these curves, the readings of 

the magnetometer have been corrected for 
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changes in the temperature of the instru

ment to 14 degrees C. (A temperature 

coefficient of -0.06 scale divisions for 

each degree rise in temperatu:.*e was used.) 

Corrections for diurna*'. vari-tions were 

also made. The values shown represent 

the V riations from the 6:00 p.m., or 

highest average, values. The diurnal 

correction was obtained by taking the 

average for each set of readings: morn

ing, noon, and evening; the difference 

between these averages were considered 

as purely diurnal deviations. 

Diurnal con^ctions for baroaetric 

variations were obtained in the sa'ne way 

as those for tlie magnetometer. 

In general, the plotted points have 

been connected by curved lines. While 

these lines may not always show the exact 

nature or tJie true values at specific 

points between times of actual readings, 

the approximations are sufficiently close 
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enough to Justify such conclusions eis 

will be made. This will be pointed out 

more clearly from the more recent hourly 

observations. Plates X, XI, XII. 

All available notes of "bad weather" 

(see definition, page 29) have been made 

on the graphs at the time of occurrence. 

Figures 1, 2, 4-9, 12-29 will show that 

every notation of so-called bad weather is 

either accompanied, or preceded from 1-36 

hours, by magnetometer values which 

range above the average, the heavy 

horizontal line. 

Particuleu? mention should be made of 

Figures 3a cUid 3b. In Figure 3a, although 

there is an apparent rise and fall 

in the magnetometer values according 

as there was sleet or rain, the values 

given on this curve, for the week, October 
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21, 1936 to October 27, 1936, were below 

the average. In as much as this period 

coincident with the series of earth

quake shocks in Montana during the fall 

of 1936 and in as much as there is an 

apparent i*elationship (to be discussed 

later) between these and the magnetometer 

values, cu3?ves were drawn. Figure 3b, 

using as an average for the magnetometer, 

not that for the entire 8 months, but 

the average for this one week alone. By 

80 doing, one may see that the times of 

sleet and rain were preceded by "high," 

or above the average, magnetometer readings. 

Figure 11 shows the ranges for the 

longest period, four consecutive days, of 

fair weather during this particular portion 

of the survey. It should be noted that the 

magnetometer values, though varied, remain 

somewhat below the average while the 

barometer curve is above. This last is 
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in keeping with the generally accepted 

fact that fair weather is accompanied by 

a rising or "high" barometric pressure. 

A closer study of these curves. 

Figures 1-29, will show that in slightly 

more than one-half of the cases is 

unfair weather either preceded by or 

accompanied by a low barometer. 

The period of time covered by these 

curves seems to be of sufficient length 

to Justify the drawing of conclusions. 

All kinds and variations of weather condi

tions h've been included. Although, for 

Lubbock, Texas, September is the month of 

maximum rain fall, according to tha Experi

ment Form records, the total percipitation 

for M ^ 1936 far exceeded the average for 

May; in fact, this total was the largest 

for a similar period during the past 26 

years (as far back as records go). The 

barometer seemingly fails, particularly, to 

record sandstorms* 
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Plates I«XII aa well as Figures X«»29 

ahow the apparent relationship between 

the magnetometer readings and earthquakes. 

Exceptionally '̂ low** me^gnetometer 

readiz^gs} that iS| those which are as 

much as a whole scale division below the 

average value observed, appear to accompany 

the earthquakes. 

Yhe heavy solid curve, Plates I-XII| 

gives the ootual laagnetometer x*eading, in 

sc^^e divisions. In this oass only a 

oorz*eotion foB the tes^rature of the 

instnnaent was mads* Curved lines were 

used here also to connect the observed 

values* Although the actual scale value 

fluiy not bs given at particular instances 

between the time of observations, these 

are close spproxioiutions. (Notice particu* 

larly Plate X, June 19, 1936| Plate XI, 

July etJti, 10th, and 11th, 1936). All 

ahooks or tremors available have been 

ia*ittsn on the curves at the reported 
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tiMS of occurrence. 

Particular mention should be made of 

Plate I. This period, in so far as is 

known, is the most disturbed, from a 

seismological point of view, during the 

entire time of observations. 

In some cases, Plate V, February 14*̂ 1 

to 21st, 1936, there appears to be an 

\musually long period of "lows" preceding 

a quake in Japan. However, no further 

information is available for this period. 

Plate VI, March 5, 1936, gives one 

exceedingly low magnetometer reading. 

Accoixiing to the bulletin from the Jesuit 

Seismologicea Association, there was a 

period of seismic activity on March 6tiL and 

7th. 

Another interesting curve is given on 

Plate X, June 19, 1936. (Kote change in the 

vertical scale). These exceedingly low 

file:///musually
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readings were followed by earth tremors which 

were felt in adjoining towns, especially in 

Amarillo, Texas, at 9s45 p.m. 

These apparent coz^relations would seem 

to indicate that there is an actual relation 

between earthquakes and magnetism. 

This idea of a coxn:»elation between 

magnetic fluctuations and earthquakes is not 

entii^ly new. Oscillations in recording 

magnetometers at the time of earthquakes 

have been noticed on many occasions . Dr. L. 

A. Bauer, apparently, believed firmly that 

such a relationship exists. In "Principal 

Facts of the Earth's Magnetism," 1919, he 

says, "A magnetic storm of the second 

category is associated with changes within 

the earth, cataclysms, earthquakes, volcanic 

outbreaks, etc. The phase may occur simultan

eously over very large portions of the earth, 

or progress fi'om place to place according to 

a certain rate. Remarkable coincident effects 
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were observed during the May eruption in 

Martinique." 

Most modem writers on seismology, however, 

(for inst:mce. Dr. H. F. Re id in "National 

Research Council Bulletin, 1933, Physics of 

the Earth, IV," pf:iges 83-85) have attributed 

these oscillations to the mechanical disturbance 

of the recording instruments by the earthquake 

waves. In our work, however, this could not 

have been the case. The i istrument was not 

recording. At each observation, the level of 

the instrument was carefully checked, the 

needle was lowered three times or more, and a 

reading taken $ the average of these wcui 

used. (The instrument very seldom required 

leveling during the entire period of observa

tions.) If the earth were vibrating s\ifficiently 

to cause the needle to oscillate, this fact 

would have been noticed. 

Ifost earthquakes are supposed to be due 

to the following causes J Under the tremendous 

stresses which exist within the earth, as in 
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mountain building, etc., the rock is strainsd. 

When this strain exoeeds the elastic limit of 

the rock, a break occurs and tlie strain is 

relieved. This relief of strain may occur 

during a single shook, or mors gsnsrally, 

during a great muober of shocks, sooetimes 

xninning into the hundreds and distributed 

over a considerable time. 

Mow it IS well known that the nsgne-

tic permeability (as well as tlie magnetic 

susceptibility) of iron is chan̂ ied when a 

stress is applied. This probably ^pliss 

to the rook of the earth also. Ws would 

then expect a cĥ inge in the magnetic suscep

tibility of the material of the earth on 

account of the trsiBsndous stresses and 

strains that exist Just before this strain is 

relieved by the earthquake. 

Throun^ tlie courtesy of the Horticulture 

Departaent of Texas Technological College, 

ive h:;ve obtained maxima and minlisa tsapera-

tore readings for each 12«hour period, Octo-

bsr 1, 1935 to July 1, 1936. The thermometers 

TEXAS TECHNOLOGICAL COUiGE 
l f t lhhH/M> TC XAS 
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were reset at 7s00 a.m. and 7i00 p.m. 

These values have been plotted. Plates 

I-XI by the broken lines. Although the 

exact time for these maxima and minima 

values was not recorded, this can be 

estimated most accurately since, for this 

particular locality, we have very cool 

nights in comparison with the somewhat 

high temperature in the aftei*noon of 

each day throughout the year. 

On Plates XI and XII, the broken 

lines, beginning July 7, 1936 x^ pre sent 

hourly atmospheric temperature values 

in degrees Centigrade. 

In either caae, whether maxima and 

minima temperature values or the hourly 

range was used, there is an apparent 

parallelism between tlie diurnal range 

for magnetometer and thermometer 

values. This would indicate th^t a 

large portion of the diumcal magnetometer 

variations shown could be attributed to 
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Changes in the ionization of the atmosphere 

eis a result of chcxnges in the temperature 

of the atmosphere. 

Further indications of this is given 

by the fact that there is a period of 

low mj^gnetometer readings, Plate V, during 

which time there is only one recorded 

earthquake, which period is coincident 

with the "cold wave" which passed over 

the United States in February 1936. 

DIURNAL VARI.VTIONS: 

The data for Plates IX-XII was 

taken primarily to study the average 

diurnal vjiriation of the earth's 

magnetic field at Lubbock, Texas. In 

general, we may say that the minimum 

value occurs around 9:00 a.m. to lOiOO 

a.m. with two mcocima in the afternoon 

at 2:00 p.m. and 5:00 p.m. These 

values ixre in keeping with the results 

shown on Plates I-VIII for which only 

three readings wex̂ e recorded daily. 



• S H 3 

Ks^si^mf^ 

00 

o 

M 

•»-

<3-

o 

-2S 

30 

O 

-4" 

(^ 

<r 

oo 

->5 

sr 

1;. 



N3 

^^^^\2 

00 ^4 '11^ so 



- O i ~ i _ 

^eet 

i i 

= > j 

J^^H-

* ^ ^ 

3 

-3 
(s: 

a-

00 

f 

=--1 

= 1^ ô 
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CONCLUSIONS 

It would appe<xp that this survey 

was extended over a sufficiently long 

period of time so as to include all 

possible variations in weather condi

tions. The instrument was permanently 

and rigidly set up in the non-mcignetlc 

laboratory inside of which the tempera

ture changed slowly, if at all. This 

should eliminate most of the error 

usually encountered in using a field 

instrument of this kind. 

All available sources of supplementary 

information regarding existing weather 

conditions in nearby areas (within a 

radius of 200 miles) have been exhausted. 

Earthquake reports have been checked 

from four sources: Bulletins of the 

Jesuit Seismological Association, U. S. 

Coast and Geodetic Survey Reports, "Science 

Service", and newspaper accounts. 

Continous 24-hour readings for the 

magnetometer, barometer, thermometer} 

aps; und a detailed report 



of earth^ialmi wr the «iitir« iPorld| 

•ui^lement^d ^ OM̂ petQMitWP r<eoorde, 

M«ei to be deeimbXe before rvaohing 

further oonclueione* 
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