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tion progresses, up to a certain point, and after that 
an &crease. According to the h t  two, the minimum 
size is reached a t  about 12’ past midday for Linn6, 
and the diameter about sunset is sli htl less than about 

mum size occurs 12’ before midday, and the diameter 
at  sunset to be much larger than at  sunrise, which would 
indicate a certain melting during the lunar night. All 
three agree, however, that the diameter fluctuates through 
a range of about 3”. Irregular changes in the shape of 
the spot and its surroundings were noticed by all three 
observers. 

Thus, Prof. Barnard, on September 1, 1903, detected 
a small bright oint preceding the s ot, 5.1” from its 
center. On Fe g ruary 12, 1905, Pro!. Wirtz saw two 
irregular, extremely delicate, bright offshoots on the 
otherwise well-rounded s ot; the next d w  these off- 
shoots had disa peared, gaving the spot slightly elon- 

,the size of the spot to increase slightly at  the time of 
a lunar ecli se, so that a certain amount of literature 

Mi. J. G. Burgess, of the Brit.ish Astronomical Asso- 
ciation, has recently called my attention to a spot sit- 
uated some 13 miles north of Littrow B, in longitude 
330°, latitude +38’, which is of the Liiin6 type, and 
according to his description should be of greater interest 
than Linn6 itself at  the resent time, since it contains 

menta are in art confirnied by the writer’s Photographic 
Atlass.’ Mr. !burgess proposes soon to publish an ac- 
count of his observations, the results of which in general 
resemble those made upon Linn6. The writer esnmined 
the region February 3, 1015, a t  133.5’ and found cover- 
ing it at  that time a very thin white veil whose deiu.ity 
was 0.2 of a unit of brightness. This veil was 6 miles 
in diameter. The next Illght it had entirely disappeared. 
This spot should be of articular interest at the time of 

make drawings available, t.hus avoiding some of the sub- 
jective systcmntic errors incidont to mirrometric meas- 
urements. 

Conclusion. 

It has been the writer’s object in tho presont article to 
show, not that periodic changes occur in the brighter 
regions of the lunar surface, for that was known before, 
notably in the cwe of the region surrounding Tycho, but 
to show in just what these changes consist. For this 
purpose he has selected small bright spots lying in regions 
showing sharply defined minute detail, in order that the 
minute changes everywhere occurring upon the moon 
could be more dearly defined. In order to make the 
study eneral, he has also selected the three different 

q h e  oint of first interest, per aps, in this investigation 
is to &d when the spots reach their mininiuiii size. 
Within the craters the dark areas a pear and disap ear 

therefore seems to be the time when the snow resents the 

eed that the ninimum occurred one terres- 
Since the deviations of 
res ective curves were 

appreciably smder  than those of rof. Wirtz, doubtless 
due to better atmospheric conditions in America, and 

sunrise: Prof. Wirtz, on the other % J  an , finds the mini- 

gated. Other o t servers besides the writer have found 

upon the su 1 ‘ect has already accumulated. 

considerable fine detail c P ose to the crater. His st,nte- 

a lunar eclipse, since t E e detail near the crater should 

E t es o 9 surface-elevations, de ressions, and level areas. 

at about the same interval before an CQ after midday, w E ich 

smallest area. In  the case of Linn6, Prof. B arnard and 

I? 

4 Annals, H a r d  College obsmtory, v. 61. 

since a minimum occurrin after noon seems more prob- 

that view. It would certainly be of interest to pre are a 
series of drawings of the craterlet near Littrow 5 and 
determine when its nlinimum occurs. In the case of 
Linn6 and apparently also of Littrow, the white spot is 
invisible both at  sunrise and sunset. Just why this 
should be so is not very clear, but it would seem to indi- 
cate that the moisture can only escape from the vent 
about midday, and that toward sunset it all evaporates. 
Toward noon the eva oration occ.urs before it can get far 

at  that time than earlier or later. 
In  the case of the mountains, Yico, Pic0 B, and Straight 

Range, most of the white s ots grow smaller the longer 
the sun shines on them. ?% ose on the west side of the 
mountains, toward the rising sun, are of full brightness 
when the sun first strikes them. Those on the east do not 
deposit until the sun has been shining on the re ion for a 
day or two. It appears aa if the ground some Ettle way 
beneath the surface must be heated up before the moisture 
cull escape. The spots on the wcstcrn side, on the other 
hand, must be formed very short1 after the sun sets on 

region, for it is clear that nothing can deposit durin 

when the sun first reached them. Pic0 c was seen in 
Ja.nuary, 1915, distinctly to grow in size and s read over 

9.0’ and 16.6’. It then decreased in area until 32.9’, 
figure 2, after which it increasod a sncond time in size unt,il 
55.9’, iigure 3, and then rapidly diaiiiiished until 6S.1’. 
It had not chuiigecl a.t X1.So, figure 4, hut when the region 
was nest observed at  132.2’ the spot was found to have 
dim >peared. 

Tke writer has sometimes heen asked, “ Whnt reason i s  
there to be&ve thut there is .ice u O I L  the .moon8” The 

ice upon Mars, because the phenomena observed can be 
niose readily esplained that way than any other.” 
Whether the ice is de osited upon the surface or floats as 

c) fog, is not yet clear, but it is believed i t  occurs in both 
Where the boundaries are sharply defined it lies 

Where the boundaries are indistinct 
and hazy-as, for instance, in the case of LiunB-it is still 
uncertaiii. In  the case of the bright rays surrounding 
Tycho, i t  is thought the ice cryst& are supported in the 
lunar ntmosphore like those terrestrial cirrus clouds to 
which we give the name “niare’s tails.” 

able than one occurring be 9 ore it, the writer has adopted 

from the vent: helice t E e spot is smaller, although brighter 

them, but while it is still daylig h t in the surrounding 

night, or both sides of the mountain would be bri fi iant the 

the dark surface of the mountain between co s ongitudes 

answer is: “For the same reason t 1 n t  we believe thore is 

inuto crystals just a li, ove i t  in the form of surface clouds 

rnu. 
pon the surface. 

AGRICULTURAL METEOROLOGY .l 

J.  WARREN SMITH, PrOfWOr Of h h k O d 0 ~ .  

[‘lluted: Weather Bureau, Colmuhos, Ohio, 1~15.1 

(Author’s r8sum6.) 

In  1 is paper agricultural meteorology is d i n e d  as 
nioteorology conducted in the interest of agriculture. 
A p:irt of aoricultural meteorology is agricultural clima- 
tology, whi& shows the effect of climate upon the geo- 
grn liical distribution of vegetation and the adjustment 
of Erm activities. 

1 Read hefore Section:IIB Second Pm-hmerican Scientific C m g m s  W a s h  
Dee. 2s. 1915. Wlll appear in’!uil in the speoial publiartion issued by the bhb Ad&& 
of Sciences on the occasion of its twenty-fifth allluvorsary. 
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Russia has apparently taken the lead in tr ing t 

crops, although Canada has recently started investign- 
tions along siinilar lines. 

The United. States Weather Bureau has long niniii- 
tained special. services in the interest of agriculture 
which may be classed under agricultural iiietewology, 
such as the specid corn and d i e a t  region service, cott,on 
and rice service, fruit service, etc. 

The personal investigations of the n.uthor hitve bwn 
to h d  the critical period for fanil crops and the weathcr 
most affecting them by correlntiiig the crop yielcls with 
the weather conditions for eriods long enough so thn t 

This has beeii done graphically by the curve chart 
and the dot chnrt, as well as by the mathenintical cnl- 
culatioii for giviiig the exact nieasure of relat,ioii beturecn 
two factors, as  espressed in the correlation coeficien t. 

The crops considered iii this paper have been corii, 
otatoes, and winter wheat, and the periods coverrd 

getween 50 and 60 ears. 
Most of the oorre s ntioiis have been in& bctwccn t,lic! 

yields and the teniperature ttnd .rainftdl for cnlenilm 
months and groups of months. From these correlations 
it has been fouxd that the niost iinportniit wt?atlier 
factor for corn is rainfall aiid the most iniportant iiionth 
July. For potatces the most important factor is tem- 
perature, mid the critical nionbh is ~ l s o  July. b4nrc.h is 
the critical moiitli for winter wheat tin11 t,eiiipernt,urc is 
the most iniportiiiit wenthor fnctor. 

oint for J~ily, in its effect ul~on 
the coni yieJd, is 3 ilic Y ies. I t  is found tl!nt n variation 
in the milifall of onc-fourth inch in July in Uliio nt this 
critical rainfall point 1:inkw a vuritition in t,lio corii yield 
of nearly $3,000,000, and a variation of one-hlf inch 
in the rainfall a vsriatibn in the yield of ovcr 1 5 , 0 0 0 , ~ ~ 1  
bushels. In the four greatest. corn States of the central 
part of the United States a variation of one-half inch of 
rain at t-his c.ritical point xnkes a varintioii in t’he value 
of the amount of corn rnised of $5 an acre, or a to td  of 
$1 50,000,000. 

When the rainfall in Ohio in July is iiiore t h n  1 inch 
above the iiornml the probability of tlie corn yield bcin 
above the nornid is 95 per cent, and when the riiinfn 
is 1 inch or more below the iioriiid, the )robaLility of 

While July iiiiis t be web and mnclor&dy w11rni for thl! 
best crop of corn, i t  must be cool and moder:~tdy met for 
the best development of potatoes. Sf July rnwages nioro 
than one de ree a day waiiiier than the 1iornial thc 

B only 13 per cent. When the teniperature hus h i l ~  

above the iiornial aiicl the r a h d d  more than one iiicli 
either greater or less than the nonnal, the yiclcl of pot+ 
tom has alwnys been lesa thm tlie iiornial. 

Weather effects for shorter eriocls thnn 111011 ths llnvo 
been determined, and it has 8 een found that the most 
important 10 dnys for corn is immcdintely followiiig 
blossoming, when it must be wet nnd moclerntcly cool. 
For potatoes the 10 days following blossoming niust be 
cool and should be moderate1 wet. For nrbitrnry 10- 
day periods the most critical 9 or corn is from August 1 
to 10, and for potatoes from July 1 to 10. 
In connection with winter m-heat it is-found to be 

much more difficult to determine the dominant weather 
factor as well as the critical period of growth for any 

determine the most critical period of growth P or field 

accidentd coincidences will _I: e eliniinatod. 

The critical rainfcll 

fi 
the coni crop being abovu the ilorinal is on 1 J- 13 pcr cclit. 

probability o f the potato crop being above tlie nverngc 

all-seeded cro or one with a long growing period than 
for spring-see R ed c rop  or those m t h  a comparatively 
short-growing period. 

Chreful correlations between rainfall for months and 
groups of months and the yield of winter wheat in Ohio 
show that tlie rainfall is neither too reat nor too little 
often enough to haw an appreciable e E ect upon the yield 
in cslcdating for the correlation coefficient. 
B ri tmlier are the temperature variations 

to show n doiniiiatiiig effect escept for t e month of 
March. I€ we consider only those years when the mean 
toniperature has varied two degrees or more a day from 
the norniid the probability of a wheat yield being above 
the iiorina.1 is 94 per ccmt with a warin March nnd only 
25 )or cent with a cold March. 

?t is custoniary to credit a good snow covering with 
a good yicld of wintor wheat or to say that a lack of 
siiow blanket is sure to cause a poor yield. But careful 
corrclations iiinde in Ohio seein to show no beneficial 
result from u snow covering or damage from lack of it. 
At l ~ i ~ ~ t  the hiii)w cowring does not have a dominating 
iniluimc.ii. (111 tho other hand, the studies seen1 to show 
thnt bare grouiid with froczing aiid thawing weather 
in Jnnuary is bcni?ficial. 

Furtlior, whilc! n snowfall in January seems to be favor- 
nldt? it is found, contrary to tho usual opinion, that 
snowfa.U in hlarch is decidodlg detrimental to winter 
wheat. In sev.m-~l counties of the State it has been 
found that in neurly every instanco the greater the snow- 
fall in Mu-rh the hiss the wheat yield, aiid that when 
thc snowfall is light tlic yield is 11edy always ahov-e 
fhc nor1nnl. 

It, is h!Iiowd tlirit oi in  of thc Iirst develo nlents of 
tigric.ult,unt,l iiic?tc!olrrlo~y alioultl to find. t L  criticd 
porioil iii tlic growth of the nwioiis staplc. I I ’ 1’10 )s in differ- 
ent sections of the country, mid that, when these are 
found all farm :ic.tivities can lm put on a much more 
profitable basis. 

Those who irrigate in the western districts will know 
better just when to apply the water for the best results, 
and fnrincrs in the ctmtral aiid eastern districts will 
ltwm that i t  will pay to aid nnturtll rainfall by irriga- 
tion. 

It is hc!ieverl that this new agricultural meteorology 
whcn properly d l d o p c d  will ~~if ible  us to express 
rainfall in ternis of rash value rtithw than in inches, 
timipritturi: in thc :hility of tlia farnier to buy instead 
of in dwgr(w, niicl sunshine in the increased number of 
nutomobiles and tractors rather than in calories. 
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BREATEhNG WELLS AND PRESSURE CHANGES. 

hfr. Jdin Free, of P\aw Cnrlisla, Clark County, Ohio, 
hiis h p t  tb daily rocoril of tho “ Ixeathiiig” of his well 
( s w  this ~IEVIEW, Nov., 1315, 1). 563) through the month 
of ZJel.)ruary, 1916, tlnd liw sent it to this bureau with 
thc remark “In loolcing over the high and low pressure. 
imps for Novcniber I see that 11011e crossed Ohio; but 
iiiy well was active just thc same.” 

conipare the subterranmii conditions with the pressurb- 
chiinges going on at the earth’s surface and recorded 
at our Weather Bureau stations. The following table 
presents Mr. Free’s observations, and in addition the 
12-hour changes in pressure at Columbus, Ohio, as tele- 
graphed to the central office at  8 a. m. and 8 p. m. daily, 

$ 7  1liis record is very interesting for it permits us to 


