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bodies. Though his publications were com-
paratively few-rarely more than one or two 
a year-he wrote well and painstalringly, and 
many of his papers will remain among our 
surgical classics. The one surgeon he perhaps 
admirer1 more than any other was the late 
Theodore Koclier of Berne, Switzerland, and 
the t ~ v o  men, in manner and methods surgical, 
i n  imagination and ideals, had very much in 
common. Both of them held their professor- 
ships for  a n  unusual number of years-Icocher 
fo r  fortx-five years, Halsted for  thirty-three. 

Knlsled was a man who taught by example 
rather than precept. H e  was a esfe, fastidious 
and iiniahed snrgeon, by no means a brilliant 
ancl showy operator after the dtyle cultivated 
by many of his contemporaries. B e  cared 
nothing for  administration, and u p  to ten years 
ago a t  least, his staff never met as a body. 
H e  n-as not a successful teacher of under-
graduates. d bed-to-bed ward visit was almost 
a n  impossibili,ty for  him. If  he was interested 
he worxld spencl a n  interminable time over a 
single patient, reviewing the history, taking 
notes, hasring skelches made, carrying the prob- 
lem to the laboraitory and perhaps working 
on it for  iveeks. 31eani~:hile his associates and 
assistants ~i-ould r u n  his clinic as best they 
could. I n  this ivay his school dereloped-
none of his pupils after his own fashion, to 
be 5ure-it would have been impossible to inzi- 
tare him-all of them, nevertheless, influenced 
eizormously by his atkitude towarc1 surgery, 
and by his operative mel!iods. 

EIis loss 'to the Johns Noplriils Hospital 
which he served so faithfully ancl long, and to 
which he becjueathecl his property, will be ir- 
reparable. Ilt will be equally so to his many 
and devotsd disciples. One of his long series 
of resident-surgeons, who, as others have done, 
came to know him better after leaving his 
service, juet as inany sons learn to lrnow their 
f'azl~ers not until after they have grown up, 
has in  all respect and affection miltten this in- 
adeqaste note of appreciaton. 

((SVho h-no~m whether the best of nien be 
knanIl, Tihither there be not nloir relnarksblo 
persona foygot tllrn any that ~ t l n d  renleniberrd 
in the known account of t h e ? "  

H. C. 

EARTH CURRENTS AND MAGNETIC 
VARIATIONS 

WHENEYER two metallic conductors are 
buried in the earth and are connected by a wire 
through a galvanometer a current is found to 
flow through the galvanometer. 

Such a current niay be (and sometimes is) 
caused by a difference of electrolytio action 
apon, or a difference of temperakre of the 
grouncl plates, but i t  is often much stronger 
than could possibly be produced by  such 
action. I t  is also regularly the case that the 
farther apart are 'the ground connections the 
greater i j  their potential difference, and this 
would I : . - b e  the case if the currents were due 
to elec.l~lysis. Since no one has been able to 
explain these currents by any of the properties 
of the metallic ps r t  of the circuit, it has come 
to be believed that the currents are flowing i n  
the earth before the two ends of the wire are 
grounded, and that the wire merely serves as 
another conducting path between the two earth 
connections ancl acts as a shuntt for  a par t  of 
the current. Thus the currents are not re-
garded as  flowing around a circuit eonsisting 
partly of the metallic conductor and partly of 
the earth b e b e e n  its tern~inals, as they would 
flox- if they wcre electrolytic or thermo-electric 
currents, but they are believed to flow i n  the 
same clirection i n  both the e a r ~ h  and the me-
t a l l i ~  conductor. 

Since no place has been found, either on 
land or sea, whero these cnrrents will not flow 
through a long conductor whose ends are 
earthecl, i t  is believed that there are currents 
flowing ereryrvhere in  the outer layers of the 
earth's crusr and i n  the sea. 

As soon as telegraph lines began to be estab- 
lished ir. was observecl that currents were often 
set up  in these lines when no battery was con- 
nected in the circuit. I n  1847, a brilliant 
aurora was observed i n  Europe and simultane- 
ously with this telegraph lines were greatly dis- 
turbed. This led to a careful observation of 
the diurnal and seasonal variations of the earth 
currents which were known to be always 
present in  the lines, and to the establishment 
of a correspondence b e h e e n  there variations 
and the diurnal and seasonal variations of the 
magnetic elements of the earth. Since that 



time it  has been known that the two phenomena 
are physically related, [but there is, as yet, no 
agreement a s  to the exact nature of this rela- 
tion. 

I n  this connection it  should be mentioned 
that two classes of magnetic a,nd electric varia- 
tions have been abserved and are frequently, if 
not unisrersally, assumed to have the same ex- 
planation. It is u7ell known that a t  times of 
great sun-spot and aurora1 disturbances there 
are also very great and irregular magnetic and 
earth-current disturbances. I t  was these ab-
normal earthdcurrents which first attracted the 
attention of physicists, and it  is these which 
have received the most attention from writers 
on the subject. But in  addition to these there 
is a regular diurnal variation in both the mag- 

' netic declination and inclination and in the 
direction and intensity of the earth-currents. 
I n  the literature of terrestrial magnetisrm, 
variations of the irregular class are called mag- 
netic disturbaltces while the regular daily and 
seasonal changes are known as the magnetic 
uaviations. The relation between the magnetic 
changes and the earth-current changes seems 
to be different in  the two oases. Thus in  the 
case of the magnetic disturbances the corre-
sponding earth-current changes seem to be 
simuktaneous with the magnetic changes, mhile 
in  the case of the regular diurnal cariations 
the magnetic changes seem to lag lbehind the 
corresponding earth-current changes by a 
period which may be as great as two or three 
hours. 

This ~ ~ o u l d  seem to suggest thajt if the reg- 
ular variations in terrestrial magnetism and 
earth-currents are related in  the sense of cause 
and effect the irregnlar magnetic and earth-
current d i s t ~ ~ b a n c e s  are not so related, but are 
both apparently due to some external phe-
nomenon which acts simultaneously upon both 
classes of phenomena. This fact seems not to 
have been heretofore recognized by writers 
upon the subject. 

The first extensive study of the relation of 
earth-currents to terrestrial magnetism seems 
to have been started a t  the Greenwich Observa- 
tory i n  1863. Two earth-current lines, one 
nonth and south and the other east and west, 
were established i n  that year, and continuous 

records of the earth-currents i n  these two direc- 
tions were made. I n  1868, Siry,  the astronomer 
royal, published the results of his comparisons 
of these variations with accompanying mag-
netic changes. As a result of this comparison, 
he says: 

I think that on repeatedly exanlining the agree- 
ment of the ttvo systems of curves, it is impossi- 
ble to avoid the conclusions that the magnetic 
disturbances are produced by terrestrial galvanic 
currents below the magnets. . . . At the present 
time we are unable to say whether the records of 
the galvanic currenbs throw any light upon the 
origin of the diurnal variations in the magnetic 
elements. 

I n  1870 Aisy p~thlished a n o t h e ~  paper i n  
which he undertook to account for  the dinrnal 
magnetic variation, as we!l as the magnetic dis- 
turbances, by earth-currents; but the theoret-
ical curve of magnetic variation which he con-
structed from earth-current data, while agree- 
ing in general shape with the observed curve 
of variation, is not coincident with ilt in time. 

Since the rvorli- of Airy, the most extensive 
comparison of the variations in  earth-currents 
and in the magnetic elements of lthe earth has 
been made in Germany. I n  1853, two under- 
ground telegraph lines, one from Berlin to 
Thorn and the other from Berlin to Dresden, 
were set apart for  the measurement of earth 
currents, and con~tinuous records of these cur-
rents were kept f rom that time untiI 1391. The 
material thus collected was twned over to Pro- 
fessor B. Weinstein, who, miih a corps of com-
petent assistants, went over all the records and 
estatblished for the Eve years 1884-1883 what 
he regarded as  the constant resultant earth-
current in  the region between these cities. The 
diurnal and seasonal variations of this current 
mere then compared with the corresponding 
variations in  the magnetic elements at  Vienna 
and STiilhelmshaven. -4s a result of this com- 
parison, TTTeinstein says : 

Personally, I have arrived at the conviction 
that almost tlie whole of the changes observed by 
means of a magnetometer and classed as terres-
trial nlagnetic variations are due to earth-currents 
which act upon the magnetometer as a galvano-
meter. 

Notwithsta~nd:ng the w r y  close relation 
which the curves published by Weinstein show 
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between the two classes of phenomena, his con- 
clusions as to the immediate relation of the 
two hare not met with univerbal acceptance. 
Very few physicists have given any attention 
to the study of earth-currents in recent times, 
and most of these have been influenced largely 
by their theories as to the cause back of both 
earth-cnrlents and terrestrial magnetism. Some 
physicists, of whom Balfour Stewart is per-
haps the most important, have gone so f a r  as 
to reach conclusions rile reverse of those of 
Airy and Teinstein, and to a t t rhu te  the earth 
currents to the magnetic variations. The fact 
that the diurnal variations in  magnetic 
direction and intensity which would seem 
to follow from the changes i n  the earth-
currents regularly lag behind the latter cer-
tainly indicates that tile current does not irnme- 
diately act upon the magnetic needle, as in the 
case of the current and needle of a galvano-
meter, and as is maintained by TT'eiostein in 
the clnotztion given above; but that the varia- 
tions of the neeclle follou- changes in  the mag- 
netic field of the earth, and ihat  whatever 
effects arc produced upon the neeclle by earth- 
currents mnst be due to changes which these 
currents have produced in tile magnetic fielcl 
of the earth at  that place. 

Looked a t  in  this way, a rime lag between 
tile clianges in current and the magnelic irarla- 
tion. growing out of them docs no$ seem im-
probable. Eiving has shov-n that in  the case 
of a soft iron ivire placed in a magnetizing 
coil an appreciable time is required for  the 
tvire to become fully magneiizeci. Rayleigh 
found that r i t h  a piece of annealed iron wire 
only 1.6 mm. in diameter and 17 em. long the 
time for  complete magnet~zation in a weak 
field was from 15 to 20 seconds. Hopkinson, 
after an extensive study of the rate at  which 
magnetic inclnction penet~ates  iron, says : 

Suppose a magnet such as we have here con-
structed, but of the dimensions of the earth, and 
that some alniigiity electiician reversed its cui-
rents in the copper colls, the magnetizing force 
being 2 or 3. It viould take some thousands of 
milllons of years before the rate of change of 
induction at  the center of its core would attain a 
maximtun. 

I t  is perhaps not allowable to compare the 
earth magnetically with a sphere of soft iron, 

and it  is plain that the variation in the mag- 
netic elements a t  a given place are not due to 
changes in the whole magnetic field of the 
e a r ~ h ,  as in  that case they would occur simul- 
taneously over the whole earth instead of 
moving around with the sun, as they (70, but it  
does not seem incredible that a change in the 
direction or magnitude of an earth-current at a 
given place should require tivo or  three hours 
to produce its maxi~num effect upon the mag- 
netic elements a t  that place. I n  such a con-
tingency, i t  seen18 almost certain that the rnfe 
of change of the magnetic field a t  a given time 
would be pr~po:~tional to the cnrrent intensity 
a t  that time. I f  we assume this to be the case, 
it  is possible to co~npute from the curve of 
magnetic variation the direction and relative 
intensity of the current which is the cause of 
this magnetic variation. 

Thus, when a current flows from north to 
south below a con1pa.s needle it deflects the 
north end of the needle toward the west. The 
north-south component of the earth current a t  
Berlin was usually toward the south, and ivas 
much stronger in the day time than at  night. 
I t s  greatest intensity was usually just before 
noon, and its least intensity in  the morning 
and evening. I n  Figure 1, the curve 9 is 
Weinstein's curve for  average diurnal variation 
in the north-south component of the obsexed 
earth-current for the year 1884. Curve B 
gives the average diurnal variation in  the >vest 
component of the earth's magneric field a t  
Vienna for  the same period. I t  will be seen 
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that the earth-current toward the soutb was 
strongest between eleven o'clock and noon, 
while the magnetic force toward the west was 
a t  its maximum between one and tvio P.M. 

I f  a curve be drawn showing the rate  of  
c h a f ~ g e  of magnetic force throughout the 
twenty-four hours, sve have the dotted curve, 
which resembles Curve -4 so closely as to give 
probability to our assumption that the mag- 
netic deviation is caused by the earth-current, 
and that the magnetic force is always changing 
a t  a rate which is proportional to the intensity 
of the earth-current. 

This relation between the rate of change of 
the magnetic declination and the intensity of 
the north-south earth-current has also been ob- 
served by Bauerl in  data taken from the 
records of O b s e r ~ a t o r i oDel E b r o ,  a t  Tortosa, 
Spain, but his conclusion c l ~ a ~ ~ n  from this rela- 
tion differs from that given above. Bauer says : 

T h e  general coneluston i s  t h a t  t h e  nort7t-south 
earth-currci~t  migh t  be the  result o f  e lec t~o-mag-
netic tnciuetioil, caused b y  the  fluetuatzo:~ during 
the d a y  of the  ~ ~ ' e s t - e a s t  componei~t  of the  earth 's  
magnet ism.  

I n  reaching this conclusion Bauer has over-
looked a very elementary and vary fundamental 
l a ~ v  of electronagnetic induction, cix., that a 
current induced by a change in a magnetic 
field is in the o p p o s i t e  d i rec l ion  to the current 
which mould be required to produce the given 
change in the magnetic field. I f  the north-
south earrh-currcnt and the ~ ~ e s t w a r d  deflection 
of the magneiic needle are causally related, the 
magnetic deriation is induced by the current. 
The contrary can not be true. 

I n  the case of the tvest-east component of 
the carth-current conditions are somexhat dif- 
ferent. This current weakens the magnetic 
component ton-ard the north by a very small 
f r a c t i o ~ ~of its total force, the diurnal range 
of this wealtening being less than one two-
thouaanclth part  of the whole, and probably 
not all of this is attribatdble directly to the 
earth current. The rejuitant effect of the total 
earth current a t  a given place is to make the 
day side of the earth elcctropositisre to the 
night side, and this condition would, of itself, 
weaken the north magnetic force on the day 

side of the earth. That is, a positive charge 
carried around by the earth's rotation from 
west to east would set up  a north-south mag- 
netic field in  the opposite direction to the prin- 
cipal magnetic ficld of the earth. Such a 
charge would not, however, affect the east-west 
magnetic field of the earth. 

That the day side of the earth is, on the 
whole, electropositive to the night side is plain- 
ly  shown by a series of observations which the 
present writer has carried on for  about three 
years, and for  which he has continuous photo- 
graphic records fo r  more than two years. That 
this difference of electric potential on the oppo- 
site sides of the earth is due to the electrostatic 
induction of ihe negative charge of the sun 
seems beyond question. A smaller, but still a 
very definite effect of the moon's induction is 
alio s h i k ~ n  by the records. 

I n  Figure 2, Curve -4 shows the diurnal 
variation of the earth's potential a t  Palo Alto 
for  one year, from August, 1920, to July, 
1921. Curve B shows the corresponding mean 
variation of the west-east earth current a t  
Berlin fo r  the year 1884. I t  is seen that while 
the earth-current reaches its maxinlunz inten- 
sity a: betveen ten and eleven A.Bf., the elec- 
tropositive potential of the earth is a t  its maxi- 
mum at  between one and two P.M. I n  both 
cases the time of maximum has a seasonal 
variation. The same may be said of the varia- 
tion i n  the north-south magnetic component of 
the earth's magnetic field, which for  the year 
1884 attained its maximum between eleven 
o'clock and noon at Tienna and ST7ilhelmshaven, 
as shown by the dotted curve C. h this case, 
as in  the case of the variation i n  magnetic 

I J 
1 Z'err. Hag. ,  XXVII, 14 (March-June, 1922). FIGURE2 
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declination, tlie change in the earth's nlagnetic 
field is in  the direction that would be procii1ced 
by the change i n  the earth-current intenqity 
and in the electric potential of tlie earth, hence 
the current can not he caused by the variation 
in tlie magnetic intensity. 

Both the earth-currents and the diurllnl mag-
netic variations are in the direction n-hic.11 they 
xould take if they %-ere caused by the electro- 
static incluction of the sun's negative chaige, 
while the pernianenl rnagnetic f i ~ l d  of the earth 
is  such as  would be cansecl by the rotation of its 
013-11 peimanent negative ctlarge. 

E'ignre 3 shows the relation betx~;een the ob- 
servecl mean diurnai variation of the carzh-cur- 
rent in  a line abont t ~ v o  mile. long a t  Palo Alto 
and t l ~ e  diurnal variation of the eartha> potcn- 
tial for  tlle same three day;, as sbovn by the 
photograpli;e record. On accoi~nt of tlie dii-
tnrbances in  the earth due to trolley line? ancl 
other causes, and to possihle diatuvbances in tlle 
llne, wiiicll has been kinilly pu t  a t  my d:sposal 
by  the Pacific Telephone and Teleglaph Com- 
pany, it  is imposeil~le to I ec01.d the ear:li-cur- 
rents photographica!ly ~ c i t h  any  in-,lrnrnent a t  
my command, and I have been compelled to 
malie all the obqervationi visually. As I have 
no as>istanee, I am roinpelled to malie the con- 
tinnouc; t ~ e n t y - f o u ~  hour runs myself, ancl fo r  
this reaqou I have at  the preaent time but three 
sneh complete i w o r d ~ ,  ci,-.,fo r  June 2, July 19 
aiid d11gu.t 10, of the p r e ~ e n t  veal. The mean 

diurnal variation for  thew three dais 1s shown 
i n  Curve A in Fignrc 3, .ivliile the mean dial nal 
variation in  ear!h porcnt~nl for  the same three 
d a ~ sis shomn b ~ -  the ilotlcd curve, B. I n  this 
curve the signs of the potential aye ~ n v e ~ t e d  to 
show better tlie agreement of the f.ivo cur~es .  
Both c u ~ r e s  rliow many 1rlegv'sr:i:es ivlinch 
~170uld probahly iiisappear in the wean of a 
large nu~nher  of ob.elr ation<, but their similar- 
i ty  in  gene231 outline i~ such a:, to make it  hard 
to doub: that they are physically related. 
T h e ~ r  tnnr rclation seems to indicate that the 
positive chalge on the clay bicle of the earth is 
cXne to the mosernent of electrons a\>ay from 
the snn. 

FERN S,LNFORDWDO 


ST-~SFOED
~ K I V E R S I T ~ '  

-
RESEARCH AT THE TE'OKR.JGAS 

LABORATORY 

THE uiltimeiy death of ,klfreii G o l d ~ h o r o ~ ~ g h  

Ma) or and the coniequent in te r r i~p~ion  of the 
plans of tlie Tortngilz Laboratory of tile Car- 
negie Institution of T%Ta~hington naturally 
arou3eb rene~y:erl intsvest in the ivorlc of the 
laboratory and especially in the investigations 
now being carr:cd on there. I t  may therefore 
be tieslrabie to bring to general notice a brief 
r4snmB of ;he actlvlt:es o i  the laboratory and 
a1.o to point out the purposes of some of the 
researelies non- i n  progrebs. 

The laboratory has been i n  exis-ence for  
eighteen :;ears and during thrct time it ha7 
published screnteen large volurnes of "Papers 
from the Torlngas Laboratory," with one or 
tiro rolumes more In preparation. I n  aildi-
lion, a la%-ge number of papers, based In hole 
or in  payt on done a t  the~ ~ o r k  laboratory, 
were pnblished elrewhee, one of the most im- 
portant of rheie being &layor's own work of 
three volumes on rile X e d n s ~ .  (Further dis- 
cuislon of 3Zayor9s rescarche3 is Found i n  
Davenport's interesting paper i n  SCIEXCE, 
Augnst 4, 1928). Among the rontribu:ors of 
these papers are  many of dnzerica's mosl pro- 
ciuctive biologists. I n  estimating tho produc- 
tive a c t i ~ i t y  of the laboratory it  1s necessary 
to remember tlrat ihe laboratory has been open 
only from eight to fourteen weeks each year 
aiid that the greater par t  of the work has been 


