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A UNIFORM THERMOMETER EXPOSURE AT METEORO- 
LOGiICAL STATIONS FOR DETERMINING AIR TEMPER- 
ATURE AND ATMOSPHERIC Hu116IDlTY. 

By VLADIMIR KOPPEN. 

[Sections translated Irom Met. Ztschr., 1913, 80: 4S5-4SS, 513423.1 

* * * All in all, we are at  last in a position to state 
definitely the errors clue to the customary thermometer 
exposures, to attack tlie problem of eliminating these 
errors, and to begin to work toward a uniform manner 
of esposing thermometers throu hout the world. 
Although it is much to be regretted t P a t  we still have no 

such series of comparisons in tropical and subtropical 
regions as are available for cent,ral and northern Europe, 
nevertheless the dready observed differences due to ’ 
sun’s nlt.itucle, clouclincss, and wind velocity enable us 
to h a w  quite approsimate conclusions for the Tropics 
also. 

The claily iiieans of temperature, so far almost the sole 
eleineiit employed for iiiaking climatological compari- 
sons, clo not vary gre:it,ly even for quite divergent 
methods of csposurc hecause their daytnne and ni h e  
time errors balance each other to a certain estent. %he 
latter is least true for great massive shelters such as 
those of Wild and Neumnyer, because in these th6 daily 
heating in the sunshine itnd the nocturnal clam ing due 
to  tho niass of wood upset the balance so that t ?l eir rec- 
or& yield too high daily iiimns. On the other side 
stancls t h o  English shelter, which, according to the Pots- 
clam coniparisons,’ gives a prevniling too low daily mean. 
lcor the ?&hour meillis in the English shelter during the 
long-night months of Noveiiiber to February were O.zo 
t o  0.3’C:. lower than t.liose in t.he [metallic window] shel- 
t.er, wliile froni k r c h  to 0ct.ober both esposures gave 
nieans ageeing within f 0.1”C. k!gain the niean tem- 
mature froin thrice dnily observations within the Eng- 
lish shelter llepnrts from tiint of the surrouncling air cleter- 
mined in talit! sniiie mmner by iiiore than 0.l”C. (at 
Pnvlorsk this holds for Julio tiliil July only; at Potsdam 
for tliosn saiiic months niicl also in January only). 

We must cle:iinnd, ~ O W R F W ,  that not only the daily 
means but d s o  the inilivitlutd term-ol?servations shall be 
coiii]>nrxhle, aucl this nleo both for our prevailingly 
cloudy climate nnd for clinintes of clear skies and strong 
radiation. In other words, the monthly means of the 
terin-observat.ioiis in such climates sh:d not show sys- 
tcmntic errors, i. e., iiiiluenccs clue to thennometer ex o- 
suru,.grenter tiim O . 1 °  or 0.2’ C. We must cleiiiand t P iat 
the miportants clirnntic dement of daily temperature 
range shall bc. BUSCC itiblc of coin laratire study. At 

clam, thi3 elemcnt is 30 pcr cent greater in June when 
mensurocl in the English shelter than if de termined in the 
Prussian window shdter nncl still greater if tlie French 
espo::ure is wed. 

Hellmann is right in tho closing sentence of his report a 
when he says, “It is quite inap wopriate to employ two 

sure, such as the window shelter and the ground shelter, in 
one and the same meteorological r&eau, for we thereby 
greatly reduce tlie compnrability of the observations and 
particularly of the inclividual term observations.” 

This statement, however, is to be estanded to the whole 
globe. We must endeavor to establish a network of 
compwahle o1:mrvatioiis embracing the whole globe, 
and must not be content with a Prussian, a French, a 
German-Colonial, aiid various other concepts of air tem- 
peratures. Naturdy, it will require many years to 
actually attain this ideal; therefore the sooner we begin 
to strive toward it the better for all. 

It will be in1 ossible to adopt a window ex oswe, or 

our uiiiversnl uniform exposure. To be sure, sue% an 
esposure most readily avoids disturbances due to  radia- 
tion, aiid in our climate it yields uite good comparable 

(1) The air in such a shadow is mi exception, while the 
air over an open surface is the rule; hence the former may 

present, evcii under so \ ected favord> I e rsposures in Pots- 

fundanieiitdy different methoc t s of thermometer expo- 

any other such B oration in the shadow of a bui .p din for 

means. But there are to be consi 3 ered- 

IHellmnnn in Rcicht Prruss. Meteorol. Tnstit 1911 pp. 64-W 
2 Hellmnnu in Berichti Preuss. meteorol. Instit:: 1911: p. 83. 
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not be regarded as the true representative of the local 
climate. 

Of the two climates possessed by every locality the 
principal climate is its climate in the sun and not its 
climate in the slide-the “climate in the sun” nieming 
the actual properties of the air over open fields and not, 
of course, the indications of a thermometer opeilly es- - -  
posed in the sun. 

(2) The heights of the houses, the orientation of the 
wall. the relative locations of neinhhorinn buildinns are 
rareiy dl esactly the same for tw’i differ& wind& es- 
posures. The various measures adopted under these 
circumstances for the purpose of screening the ther- 
mometer froni the sun n t  certain hours of the day are 
rarely effective. Screens can indeed protect the tlier- 
mometer ngniiist the sun’s rnys, but can not revent the 

If the thermonieter is esposcd in an angle then the vsnti- 
latioii is too greatly checked. 

We niust therefore resort to shelters stmding in tho 
open. The slighter depirkures of thcrinometers in the 
English shelter from tlie true air temperature tench us: 

(0.) That there is 1w1 nctunl urgent necessity for the 
extensive esclusion of the reflected r:idiiitioli by nieans 
of the double lourem; that is, to espose the iiistruriiciits 
in darkness as contrasted with the bright, “ open screen- 
ing” of the French and the Glnisher stands. 

( b )  That the thernioiiieters depart more from the true 
air teinperntures when esposed in large, massive shelters, 
such as those of Wild and of K-euninyer which obstruct 
the wind moT-enient, than they do in siuzdl shelters. ‘i’he 
departure is clue on the one hand to the stronger w?:uni- 
ing b the sun and on the otlier to greater lag behind 
the c g mges in the air teiiiperature. 

The departures from the true air toinpcratures, ns still 
shown in the ihglish shelter, are indcccl siii:illcr than 
those found in the other styles of exposure, hut they are 
similar in direction, viz, too great influence of radiation 
and too small air mol-enient during calms. 

adjacent w:dI and its contiguous air from P ieating up. 

CONDITIONS NECESYilRY FOR DETERMININQ AIB TEMH3E.A- 
TLJRE. 

Before turning to the discussion of methods for elimi- 
nating these errors, we may give brief consideration to 
the coiidi tioiis necessary in determining the true teni- 
perature of the air. 

(1) The screeniq must, in addition to y t e c t i i i g  
against rain nnd injury, ward of? radiation wit lout caus- 
ing the thermometer rending itself to depzirt froiii tlic 
tem erature of the air to he nietisurecl. 

(27 The longer the time during which tlie air is in con- 
tact with an irradiated surface or a radiating suifixce, or 
tlie lon er tho path across such surfaces followTed by tlie 
wind, t 7 ie less nble is tlie air to bring such a surface to 
the original air teiii oraturg. 

heat, the s owor and siiiallei it,s changes in tem erature 
as compared with those of the air in contact wit it. 

considerations may bo applied to our problems 

(3) The reater t B e storage c-apaoity of any object, for 

K F 
These - _. as follow-s: 
Bg reason of (1) it is desirable that tlie tem crature of 

the mner surfaces of the screen and shelter s P in11 deimrt 
Fer little froin tlio tcnipt?rziture of the air, and the s b i e  

to affect the t8einperature of the ai that bnt8hes the tlier- 
mometers. For this reason we niust (a) devise a screen 
having ver slight absorption and radiation and keep it 
in that condvzoion: introduce a thermally bad conductor 

hol K s for the elit,erior surfaces so far as they niny be al.,le 

between the inner and the outer surfacos of the screen; 
best of all would be to introduce a mass of air a t  the de- 
sired teniperstura. Both these objectives are escellently 
ntt8aiiied in the L4ssmann aspiration-psychronieter. 

By reason of it is necessmy that, both the ther- 
nioiiioter and the screening slielters be as sindl as os- 
sible along tlie direction of tho air current, and the ve F oc- 
ity of that current must be so l a v e  that the air remains 
a very short tiiiio in contnct &Ti the shelter. As the 
horizontal coniponeiit of tlie air morciiient about and 
within the sheli.cr is ccrtaiiily much greater than tlie ver- 
tical, we are chiefly concnrncd with the former. 

Condition (3) requires that all parts whom temperature 
can iiifluencc thatm of tho air or of the thermometers, shall 
hnx-e the sm:dlcs t possible ninss and tlierinal capacity; 
and thtit reservoirs of stagari t  air shall be elinunated. 
It must be boriie in mind, howover, that transitory 
changes in temperature affcct but n shallow superficial 
layer of a poor thoiiiinl concluct,or? while the whole iuam 
of a instal object will be \varmed through or cooled off; 
t,lius the t,hsriiinl cn xicity of wooden parts is s i n a h ,  in 

The :tbove c.oiidit,ions IWC qiii te ~ 0 1 1  fulfilled by the 
siiinll 15S8 modcl of tho Eiiglisli slielt,nr. It probably 

ion ng:Giis t r d e c  tcd radia tion 
and wcnk iiisol:it,ioii. Tlie r:iclint.ion froiii n high stand- 
ing sun, ho:wvcr, :mil the iiocturin.1 r:idiat.ion a. nimt tl 
cleiir sky hot,li falsify its iuberii:d tc!mpe.r:it.ure rent s inga to 
t i n  cstent thnt fm escoecls blie pcriiiissible limits for 
climnt8010gicnl inro~tigntions. 

There w:xs :I very cwly deniaiid for n screen to protect 
t,Iie English shelt,t?r ngninat tliese radiations. Thus 
Gnster, duriug the iliscussion omr the new English shel- 
tsr belore the Loidon hht,c!orologic.:il Socie ty on Novem- 
ber 21, 1ss3, stntcd that ivhcn lie s11ro:td :I 1:irw aunslilnde 
over n Stere1iaoii sliolt.cr 1113 foulicl t.lie iiiaixe forenoon 
teiiipernt8ure to stnntl 1 .-i “C. lower tlinn that within a 
nciglthoring miwreened shelter. On the sxiiio occasion, 
Dr. Ahrcet reported t h t S  in Cnniies it 1i:d heen necessq 
to set up the St,e-i-euson shelter in the s1i:iclow of a houae 
in ordsr to eliniinnt,n the sbriliiiigly escessivo niasiinum, 
aiid that oiic of his co1iip:itriot.j thcrc? had built x shed 
ovcr it. Dr. h1:ircct thought thiit if such a “sheltered 
screi?n” lwrc found iiect::;s:xy in soutliern France the 
snine formight niust nlso be nceded in England. Stow 4 

thought thnt approprints iiiodi.~cations would rd:>pt the 
St,evenson sliulter to  d l  cliiiintes, alt,lioug.li it niiglit per- 
h ~ p s  be c1t:sirnblo to provide II triple roof with felt or strow 
in the iiiiddle for t,ropicd st,;itions. I have already men- 
t,ioned the slisding of the lou~ercd screeiis in the Tropics 

Anicing nll nioteorolopicnl slenients it is the temperature 
and the iiioistm-o d the iiir wliosu cle teriiiiiiatioii is sub- 
ject to the Snnie conditions niid purtidly iiiensured with 
the same instruments. We iiieasuru air pressure indoors, 
t,lie wind nt tho highest, rdnic~st i1i:iccessible points of our 
buildings, tlic n:in cis iiwr a s  possible to the ground and 
in wind-shclturcd locditiea but naturally not 111 the rilin- 
s l i n h w  or midor t;he caves. For the obserrntioii of 
:ttniosphcric t,unipor:iture mtl  moisture, on the contrary, 
our object8 is to socure uniform nicnsureiiioiits of thesa 
properties, which wc have selected fur geogra h i c  1 
pariaoiis, by esposing the instruiiiciit4a to t. h e greatest a 
po.;siLlo n i ~ s  of air nncl screening t,lieni as perfectly as 
possible from nu other influences. Furthermore, these 
coiiditioiia mist  be fuliiliecl lis perfectly as possible not 

gr.nc?ml, than thst  o 1 nietrdlic. pr ts .  

rI,f€orcls nciccluatn prot 

(ss1llos, nlllgit). 

,The measiirenents Iiv 1;noch and bv Coskow-. mated in loot note 5 show that the 
greater iortion of the ai; aiirrent uuver‘eubers tlld shelter but merely Bows wund It. 

4 8eo L h i v e  d. deut. Seawarte, 18S7, No. 2, p. 40. 
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only for the observations a t  terni-hours but also for 
all the intervening time, on account of the registering 
and recording instruments. Esperience shows that 
Assmann’s aspiration-psychrometer is the best device for 
securing the necessary simultaneous esclusion of raclia- 
tion accompanied by adequate ventilation. An  unin- 
terrupted artificial ventilation is so costly, however, and 
its installation generally so troublesome that robably it 

high price, M. 175, the nature of the as iration-psy- 

vations by an avqrage observer. In such a case also the 
location of its air intake must be just as carefully selected 
and adhered to as in the case of a fised tslierinoiiieter 
exposure; the readings must accurately follow the 
instructions; and it  would be necessar to replace tho 

to allow of 1% uiet rending of both thermoinetcrs on dnys 
with the well- x - iown rtipitl fluctuntions, since it is desired 
to secure the inem temperature of tlie last two minutes. 
Deteriiiiiiations with the portable Assinaim aspiration- 
psychrometer have more the c.haracter of a physicnl 
experiment-inviduable for checks on accuracy-rather 
than nn equivdleiit for the systeniatic uniform observG 
tioils of a meteorological r6senu. The rogistcring nppa- 
ratus mid self-recording therinoiiicters in any case require, 
in addition, n fixed mounting rind esposure. 

Esperience has shown that tlie bos closed on :ill sides 
b double, opposit.c?ly inched  louvers, which is called 
t ie “En-lisli s1iclter’I anci wliicli allows air t.o pass 
througli Eut admits very little light or raclintion, iiiny 
be regarded as the niost efficient fised thernionietcr 
exposure for the detorniiniitioa of the tempernture nncl 
the moisture of the air. This slielter idso affords tho 
instrumc?nt,s excellent protection from. injury and d:mip- 
ness. Therefore the essenticils of thls screen niust be 
retttined, but we must seek to eliminate its remaiiiiiig 
shortcomings so fnr as we know them. Both the shdt.cr 
mid the instruments it is to screen must he niut.u:dly 
adn.p ted nnd recons truc. ted. When the Stovcnson she1 ter 
was devised there was no thought of esposino in it clock- 
driven, recording instruments. Later ns tf;ese record- 
ing instruments, pnrticularly the s1iiid.l-model “ Richiwils ’’ 
came more and nioro into use they were housed in the 
shelter as best one could. Since they thereby interfered 
with pcwticularly the niasinlum mid mhimiuni ther- 
moiiieters-which seemed indispensable-it wtw there- 
fore rlccidecl to enlarge the shelter without heeding the 
wariiing example of Wild’s large shelter and Aitken’s 
esperinients. The tlierniogrnphs and hygro ra lis still 

ard’s first el T ort-his barograph. “heir bulkg glass cases 
const,itute reservoirs of heat and of different y. tempered 
air, they hinder wind, and are 1n eptire contradiction to a 
rationd device for determining aw tempernture. If the 
wind conies from tho  direction of the case, then the 
temperatures both of the laterally attached thermograph 
element and of the psychronieter are f dsified. 

Bearing this in muid, and also the interrelation of air 
tern erature and moisture, I have had Mr. C. Schneidcr 
buil i a thermohygrograph based upon our esperience 
with the kite metcorograph. The therniohygrogrnph, in 
spite of its open scdc (1’ = 2 in1ii., 1 per cent = 0.5 mm.) 
weighs but 1.4 kg., the tliemometnc eleiiient is frcely 
exposed in d directions and is separated by the alumi- 
num base-plate from the drum which alone is inclosed in a 
case. Its dimensions are: 32 cm. wide, 14.5 cm. deep, 
and 31.5 cni. high. 

is feasible at  large observntories only. ,4si K e from its 

chrometcr makes it unsuitable for the usua P term-ohser- 

original tlicrnioiiicters by others soiiiem ? iat less sensitive 

thus emplo ed are, inorcover, merely plaiine fl! li -e Rich- 

(See fig. 4.) 

For t,he inst:dation of taliis thermohy rograph and psy- 
chrometer I have modifiod the smd-model “English 
screen” of the Prussian Meteorolo ic.al Institute. (I) 

from 38 to 19 cm. inside metisure; (2) in its left or west- 
ern side, for n length of 35 cm. the floor and the three 
lower louvers are removed and a new similar floor inserted 
13 cni. higher, tlius nialriiig a step, part of whose tread 
swings round for convenience in placing and adjusting the 
t,heriiioliggrogriipli. The lowest, louvers of the left side 
were shifted to tlie right margin of the cut-out portion, 
tlius making n louvsrecl box 13 X 19 X 10 c.ni. b i d e  
nieasurcincnt, into which project the bulbs of the ther- 
1:iometers 11 cm. holow the base date of the thermo- 

part of t. ic shelter was iiii >roved by beveling the frame 
p:Lrtdlel mit,li the louvars a A ove it, thus mal-’ m g  an open- 
iiig siniilnr to the others. The u y e r  part of the shelter 
may, on the other linnd, be siinp 5 ificcl, since its urpose 
is inerc~y protoetion from the rain ::n<~ ii~er,li~inic~~injury. 

The iiuniber of stations equip ecl with registering appa- 
ratas-first-order stations of t f ie Vicnnn Meteorological 
Congress-is growing rttpidly. It is not to be expected 
thnt all tlic second-order sbations equipped with a psy- 
chrometer and btirometer but not ti  registering a pa- 
ratus, should he convertod into first-order stations; ioth 
the cost of “1’ mratus and t,lie iiiipossibility of discussing 
such a 111tiss o I records prerent th1s. 

However, it is notorious l.liut t.lic Ziiglish shelter 
gives, even in iniddle niid nort,l:erii Europe, with clear sky 
and mea!< wind, temporaturc reuclings 1 “C!. too high in 
t,liu aftornoon and about 3°C. or more too low at night. 
These errors must, be even greatcr in lower lntitucles md 
with st,riliigcr riiilint.ion. Since in climatology we work 
with diii’ercrnc.c:s of the tenth part of a degree, we should 
not be sntisfied with such scrrice :if ter having discovered 
these fnct,s, 1)ut must endeavc:tr t,o remove trlicso errors. 

A snider  shelter 
will diniiiiish the errors, but to ohiato them one must 
either screen the shelter froin st.mng rncliation or intro- 
duce im artificial vent,ilation of the instruments. By 
L L  strong rdiation” in tllis connection is meant the direct 
iiuol:Lt.ion from the sun stmding high in the heavens and 
the radiation to tlie zenitli. The English shelter can be 
regnrrlcil as n suflicient protoction tqpnst n >prosiniately 
liorizoiital rnys nnd terrestrial rnctiation. T\ie wind need 
not and should not be hindered of free access to the prin- 
cipid under part of t,he shelter. 

Shico t.he obstructmion of the wind is one of the greater 
evils and since we can better afford, under estreme con- 
ditions, n few errors in radiation, we may adopt solar alti- 
tudes of 20’ or higher as those against which we need addi- 
tional protection. We thereby secure the great advan- 
tage thet we can freely espose tshe entire lower half of the 
shelter to the wind. If only a point were to be thus 
screened, then such solar altitudes would require a cylin- 
drical screen having its asis pnrdel  wit,h the earth’s asis; 
the upper or po1ew:krd edge would be cut at  right an lea 

Since t,he entire lower half of the screen, together with tze 
sensitive pnrts of t.hc thcrmonieter and -of the thermo- 
graph, require protec.tion from the sull’s rays, the shape of 
the screen is more complicated and its development be- 
c,oines more difficult in order to avoid an unnecessarily 
lar e screen. 

+he inaeniously designed nomographic tables of my col- 
league, &of. Stuck, have stood me in very good stead 
here, aiding in determining the azimuths of the sun when 

The depth of the screen is diminishe a about 10 cm.-i. e., 

hygrogmi ih; (3)  the x-ontilation of t I ic lower and essential 

This miy he nttained in two ways. 

to t,he asis, but the hottoin would be cut off horizonta 7 1 . 
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0 
10 
a0 
30 
40 
50 
Bo 
70 so 

at  altitudes of 20' a t  the solstices in every geographical 
latitude. Since these ineteorolo icnlly im ortaiit shadow 

venient arrangenient, tlie most important nrticuliws 
may h d  room in the following table, for. wliicfi I mi in- 
debted to Prof. Stuck. The time is true time; refraction 
is neglected. The aziniutlu are given for both the sun's 
altitude ant1 the hour of tho day. As the table sliows, if 
the evening observation is tiikeii a t  9 . in., it will dways 

taken n t  S p. ni. for localities up to 4s'. 

conditions are nowhere availab 7. e in a f ucicl and con- 

be after sunset for locdities up to f atitude G O O ,  aiicl if 

TABLE l.-Tht. S I L ~ S  positions. 

A . H .  P . M .  
6.0 6.0 
5 .7  6.3 
5.4 $ 6  
5.0 , .o  
4.6 7.4 
3.9 8.1 
2.7 9.3 . -. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

I. June 22 (equation nl time +l)min). 

"N. 
63.4 
6s. 5 
74.7 
Y1.7 
s9 .2  
96.E 

11)1.0 

118.7 
110.4 

1 3 . i  
17. Li 
21.1 
23.Y 
3G.O 
27.3 
27.6 

23.7 
27.1 

2 i . 3  
31.4 
34.6 
86.6 
3 i . 4  
31;. Y 
35.1 
3 x 1  
3 . 2  

11. Decembnr 22 (equation 01 time - 2 i ~ i i n . ) .  

6B.5 
i t i 5  
Wli .  5 
.W.5 
73.5 
1%. 5 
53.5 
48.5 
33.5 

-- 

The fact that the estrenie iiiirtherly or southerly azi- 
muth for a solw altitude of 20' a t  the suiiiiiicr s&tice 
is almost the sunie between latitudes 40' and 70°, dif-fer- 
ing but a few degrees even clown to latitud+ Z O O ,  greatly 
simplifies the problem of constructing the shading scrcon. 
In  order to simplify the future construckion of this screen 
I needed to design but three forms of the same, adapted 
respectively to use in latitudes O0-1Oo, 10'-25' ihnd 
higher tliitn 25'. For prac.tica1 pur loses the dewnril 
corners (wings) nre clip ed off vertica 'I 1y instead of n~oiig 
an elenient of tho cyyinder. The description of the 
screen will be given farther on. In constructing tlic 
screen, I choose such soft roofing iiiaterial as iiiay be 
locally avdable, such as straw, reed, p J in  leaves, grass, 
or fohqe, just ns is done for the Indim t.hernioniet.er 
shelter. Such roofin when 10 to  30 cm. thick, has t.he 
advantage that iiiso P ation and iioctuimtl radiation do 
not penetrate to  its under surface, as t.he constituent 
straw or leaves of this surfnce tire freely bathed by tlie 
air, their tenipcrnture is not seriously different frorn that 
of the air itself. For the upporiiiost roofing of the 
shelter, I employ a soft roofhg of the snme kind, n 5 to 
10 cm. layer of the same material instead of the wooden 
board of the English screen. This roofing and partly 
the screen itself so far weaken radiation to tho sky that 
the louvered shelter itself' cuts out what remains. 

The proposed universal thermometer esposure is thus 
in a certain sense a combination of the two methods at  
present most widely used, reduced to the smallest prac- 
ticable scale ahd esecuted in ti more appropriate manner. 

VENTILATION. 

The question of ventilation remains to be examined. 
The effect of air iiiotion on the thernioineter in a shelter 
is two-fold. On tho one hnnd, the wind sweeping past 
and t,lirough keeps the slielt8er itself a t  R teni erature 
which iiioro nenrly np roaches the temperature o P the air, 

weaker the radiation to which the shelter is esposed. 
Just XY the shcltcr, OT :It bast  )arts of it, often remnin at 

the tiir, so in similar nianner tlie bhernioineter in its turn 
experiences tliruu-h tlie raclintioii of the shelter walls, 
heat or cold whicg needs to be removed by air flowing 
IJaSt. hccordiiig to obscrntions in Potsdam, tlie hori- 
zontnl nir inotion in mi English shelter nmounts to about 
one-serenth (14.3 per cent) of the wind velocity close 
nbove tlie scr~e11.~ It is obvious from this that even at 
an avcrnge wind velocity of 4 to 5 lil/sec., the air motion 
n t  the thcriiionieter siiiks under 0.7 m/sec. and can be 
sufficient only wlirn the temperature of the shelter walls 
differs but litt,le from t,he t,eiiiperature of the air. If the 
shelter is shaded nnd siiinll the latter condition is secured; 
but should the wind velocity outsiclc of the shelter fall to 
undor 1 m/set:. d i ik  tho radi:Ltion from the ground, etc., 
is st,roiip, thcn evcn t.ht?so illensures will not avail. Under 
such conditions only artificial venbilntion by means of an 
aspiribtor \vi11 give u s  ciwr-i'rce temperature deternkm- 
tions. There! iiiust 1)c unintmrupted nrtificid Tentila- 
tion for rogistors and self-rccordiiig sst,remc therniome- 
ters. Sinc,e iiiost, stations will find it too dificult and 
esponsiw to iiiaint,ain such a pernimient nrtAificinl venti- 
lation, it I\-ill gcnomlly here to be oinitted, so that it 
becoiiies all the iiilire impor1,ant to perfect the natural 
rcnt8iltxl.tion aiid the scrceniiig against rdiittion. Arti- 
ficial ventibtion n t  term-obuervat,ions for t'he dry bulb 
(that is, ex >osecl tlieriiiomet,er) dso iiiny all the more 
approprinte / y be consitlerod hero siiic.0 many rCseaus 
(e. g., the Prussinn nncl the Deutsch Seewarte) hnvo 
nlreliclp employed powrful psgcilroasilirtttors to secure 
t,hnt npprosiiimtaly uniEonii air cui-rcnt past tlie wet- 
bulb thoniioincter wliiuh is required for the proper nppli- 
cation of tlio psychronit. tric forniuls. 

tho st,ronger the win( 7 , tlie sniallcr the shelter, and the 

a tenipeniture not hiconsidera 3, ly different from that of 

DETiILS OF THE TIIEl~BLOMETEil ESPOSUBE. 

We will now proccod to the description of the indi- 
viduiil parts of the proposed tlit?lnioniet,tx exposure. 
These consist, of: 

((I.) X uniform shade screcn with its support for all 
stat.ions nioa~iiring ten1 enituro. 

( b )  Larger lorn-ered s f ielters for first-order stations, and 
sninller shelters for the second-order stations. 

(c )  The instruments, which are the psydironieter and 
t81ieriiioliygrograph at stations of the first order; nnd 
psyclircmet,eT and ex trenie t,liernionie ters, or extreme and 
exposed t,lieriiioliygroscope at  stations of the second order. 

(d)  ,411 aspirating device for the psychrometer. 
Of these parts, the accessories (a,j, ( b ) ,  ( d )  serve to  sup- 

port aiid protect the principal part, (cj, so that it may 
mclicnte t,ruly. In this coopertttion the straw or other 
soft roofing guwds the shelter from strong radiation- 
bo tli solar and tciTestria1-while the louvered shelter 
screens tlie iiist,ruineiidsO from tho weaker radiatioils of 

5 lilroclr finds therelntionis lGper1~~ntinsidn%shelterin the Aeld (Abhdlg.. Prcus.rnet. 
Instit.. 8.n. 6); while Barkow finrla 14 por cent insido %shelter on the tower. andvaryng 
greatly with the wind direct,ions fJhrh., Prcus. met. Instit.. 1909. p. 99.) 

V'he straw screen alone. in common with the French shelter and the older English 
"open" shelter. would give much loo high temperatures by day, and too low temper- 
atures by night. 



C 
vo fac 

Tropical. subtropical. Extratropical. 

FIG. l.-K6ppen's '* meened shelter"; side elevations of the three models. 

FIG. 4.-Photograph of K6ppen's improved thermohygrograph, recording on 
rectangular drdinate  paper. 

. , '.> 
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the ground and other objects, from rain and froni nieclian- 

insure correct dry-bulb indications during cdnis. 
8. Srrcen mid ji.ame.-The screen support consists of 

four 6-em. posts for latitudes L)ctwec!n 1 ~ '  N. alii1 Y., ZLS 
shown in iigire 6. Three S-cm. posts serw in dl higlwr 
1nt.it.udcs. Ihe posts carry n frame of 2 b:LttCliS at a 
heig>t of 100 em. above t,he ground. :mLl t.his fmnic? ],t?ars 

taruc ewt-west line and 130 an. l-:ct.w'i?(m tlilir oiltor sur- 
faws, t-lic t.lurd post., on the sout,li, is 1% c,iii. from ewh 
of tlie others, agniii inensuring ht?twecii outi+r surfniw. 
The necessary braces should be of siiidl cri.iss selit.ion in 
order not to iiitcrfcre wit,li vcnt,iliit,ion, and pxt ly  so- 
placed by wires. 

hi constructing the scrcen. a coarse-mesh wire iictkiiig 
of g:ilv:uizecl iron or steel wire is cut to tlint oil(? of t,ht! 
pntt,ar~is of figures 1 and 3 apprcipriatc: for t h o  lnthcle cd 
the stirtion, is bomid with StrlJllgOl' wilo, :uid f:istlliierl t.o 
tlic! five p i ~ ~ d e l ~ v o o d e n  stripsshown by cl(.~ttcillines (fig. 3).  
111 this ciulclitioii, the net c m  be convcnimtly rollotl n . 1 ~ 1  
sliipped: hut si1ic.e it may be easily distorted, n p q m  
pat,t.orn of it;s form should nccompnny it. TJpon renchiiig 
its cLest.izliLt.ion, it is shaped mid bornid to flcsiblo rids, 
prefc!ratsl~- of rtittaa. 'lti-o crossl)it~i~es, 1 30 m i .  liiiig, 
tire then f astcned at  front and I>:ick, giviiio the scroeii 
its cylindricti1 bcncl w-hereby its low!r e&@ heconlCs 
horizont:il. Such soft rooihg as is 1~:wdIy aridnblo I?: 
tlien ftiutcmecl t.o thc netting by niems of soft wire. Tht? 
frolit crosspiece is perniniieiit nnil c!-i--eat.ually rest,s upon 
the tops of the two fronts posts but the re:ir crosspiece 
is only teniporiiry. 

After the tops of the three post ends :ire ftisliimecl, 
as shown in figure I, tlie coiiiplot.ec1 sliudr: scroeii is 
placc!d upon tliciii. . The niicldle :ind two outm p:irallel 
sticks :ire iirndy screwed to  the post ends, adjustin:: tho 
1iorizont:d lower edge of the screen so t h t  it is 25 MI~.  

above the frnnie supporting the louvered sbeltixr, or 215 
cnl. above. tslie ground. 
tened to the nort,h side of the southern post * nncl sup- 
ports the edge of the scrceii which is firndy fnstcned to 
it. 

It should be noted tliat in order to secure tho ncce:isnry 
shade in tlie iiiorning mil evening t,he hott,oin edge cf 
the scretm must rnject northward beyoiicl the outer side 
of the post, as fdlows: For tlie cstratropical forin, 10 
cin.; for the equatorid foim about 25 cni.; mid for the 
intermedinte {orni aljout 15 cni. 

Tlie rear [sout~liern] edge mist  estcncl 25 to 30 cni. 
beyond the southern post or posts. The clinicasit iiis t1ro 
those of t h o  shncle screc!ii for t.hc lnrgcr slicltcrs (.\villi 
registering :i1)p:ir:itt1$j. Altliongh tho  sninll shclter is 15 
cm. Iiiirrower and 9 ~111.  s1 id l<~~c~r?  I rec01ii11~1icl t.lliit. the 
gaule slinds screcm bo u s d  for it, t,lien if a second-order 
station should instidl n t~iermoh~-grogrspli, only a new 
shelter need be supplied. 
B. TAP Zozi.wrtd dit-7tzr..-(~1.) This is ecluipped ns follows 

for st:itions of t,he j y s t  order: The e s t c r d  dinieiwioiis, 
inclucliilg tlit? inner roof, arc identical with those of the 
s111;dl niodel "English slioltcr of the Yrusi:in Metcoro- 
fo,aic:d In&ute, except that the depth is 10 cni. loss. 
I'lw iiieasuremeiits iir: : 

Outside: 59 cni. m-idc, 30 mi. deep, 53(70) cin. high. 
Inside: 4s cni. wide, 19 ciii. d t q ,  47 cnl. high. 

ury. Finally the ns irntor has to mike the wet- 
indepenc P ent of the wiiid sad d s o  to 

the IllStrU~iellt ShCltt!r. '.?he t W 0  l l ~ l ~ ~ h c ? ~ J l  i)i)St.S :irC 011 

h horizontiil crosspi 

This completes tlie fwtcning of tlie screen. 

; A  lighter sihk stretches ircm the center of this ircnt crosspiere to the summit GI 

Iln the equata.ria1 pattern this is re ilaced by a second crc.sspiereattached t o  the re3r 
the front edge of the screen. 

edge of tho screen and at tlie level oI &e rod of the louvrad sholter. 

8973-lb-2 

The southward sloping board, forming the outer roof 
of the English shelter, is replaced by an arched straw 
roof, whose center rises 15 cin. above that of the inner 
roof. 

I n  order to conform more closely than in the past 
with Aitkeiis's principle of restrictiiig teiiiperaturo-iii- 
fluencing objects to minimum dimensions, I hare 
in the lower part of tlie eastern louvers of the s,e~%! 
ciii., so tlint the theiiiionieter bulbs of the -psychrometer 
are placed in A spawe 14 (W-E) x 19 (N--S) cni. As iii 
tlie Eiiglish screen, both this lower l e d  nud the upper 
l e d  of tlie shdter floor is composed of three small boards 
which arc so placed that 21s much air ns possible can 
reach the therniograph element and the thernioiiieter 
bulbs, while at the saiiie time all radiation from the 
ground is escluclecl. ,4t the upper level, which receives 
the thcrinoh~grogaI,h, the niicldle board is fastened 
rigidly-, forniing tlie support of the revolving frame carry- 
ing the lateral hoards. 

(71) For sfnticms of fA.e secwnd ort70. the dimensions of 
the louvcred shelter are: 

Outside: 44 mi. wide, 21 mi. deep, and 46 (63) cm. 
high. 

Iiisiclc: 33 cni. wide, 10 rni..cleep, nnd 4U cni. high. 
1 licse cliiiic~nsions will :iclmit even ninsiinuni and mini- 

Ii~~iliilll t,lierniciiiictci~ : while the width m i ~ l  1.w further re- 
ducccl by 4 cni. if t h y  be replaced by the theriiioliygro- 
scope to ?)e deucrihecl Inter. Such stiinll shi'fters need 
not h n \ ~  i i  ate I in the floor; but otiirrivise till. colpjttu(:- 

orcler s t n  tions. 
Thcrc should be an essential rliffcrence between the 

upper nncl lower parts of eithe,r sized shelter. In the 
English screen the temperature a t  noon on clear days is 
mnrlrcdly higher in tlie upper thnii in the lower portion 
m i l  tlierrforc the departure from the true air tempbra- 
ture is there greater. It is, thrreforc, advisable (1) to 
shift all essentd receiving instrument parts to the lower 
portion, ( 2 )  to construct this iortioii carefully with a 
view to securing weatest litmil) \ e veiitilatioii while pro- 
trcting sgniiist raXintioii anc~ the flow of air froin the up- 
per to tlie lower part. At the sniiic tiiiie the air circula- 
tion betwen the two portions &odd not lie so obstructed 
that possiblc overheated air in the lower portion can not 
e:;.sily cscape to tlie u >per part. Thc mode of esposure 
hcre ~roposed accomp islies this by daciiq the thenuoni- 
etrr A ulbs of the psyclironietrr a:ic dso the element of 
the thermograph in the lower portion, while tlie latter is 
also screened by tlie base of the app:Lrntus. Tinder thew 
conditions it does no lpriii if tiie upper part of the 
shelter is nt times ia r td ly  esposed to the sun's' rays, 
and the f i ~ c  upper c \ ouble louvers of the idwnys slindcd 
back may bc replaced by sin& lrxivers. In the lower 
part of the shelter, 011 the otlicr li:iiii.I, :ill cart has been 
tnlrcu to increase accessibility to the nir and at the! same 
time escluclc light from the interior. In li:irticul:ir, the 
much too narrow outer openin? under the 1i)iwst louver 
has been eiilm-ged to the standard by cutting :I double 
bevel oil the lower rail of the frame. 

Ihssner's recent suggestion (Met. Ztaclir. 1912, 29:  
32,43$) to leave a space between the two strips of eac!i 
clouhle louver is hardly essentid since the wrtical :iir 
iiiotion, upon \vllich the iroposition-is h a d ,  occ:urs only 

pnred with the horizontal nioronieiits. However, it 

1 7  

tioii nuty be ic 1 enticxl with that of tiic slieltcrs for first- 

1 i 

urirler pstmorclinnrily un !f avorshle circunis tnnces as c,oni- 
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might be advantageous during still days to allow the 
warm air which gathers in the angles of the lowest 
double louvers during caliii intervals, to escnpe above out 
of the vicinity of the receiving pwts of the instruments 
bcforc the nest wind puff drives it against tlieni. But, 
since the louveix warp out of shape iiiore readily when 
they clo not iiicet at  right nn les, i l  iiuiiiher of holes 
bored in the. uppcr part of the s f i t s  :we prt?fwnble to the 
long gap. 

l h t h  the louvered shelter and its support must be 
painted with a bright-colored oil pmit. Since I hare 
not found any clntn* on the lienting of wood when 
painted with rarious mnterials, I have myself macle sev- 
eral such esperiments. I took a number of sinall cylin- 
drical blocks, BS nearly alike tw possible, bored out the 
center ancl filled it with mercury and inscrtecl therein 
tlie bull, of a thcrnionieter. The blocks had received 
three coats of an oil paint, escept the 11lnc.k one which 
received a soot coating. The blocks wlieii thus wepared 
were exposed to intrnse sunsliiiie between tlou 5 ,le win- 
dows for the prevention of drcift. Unclcr these condi- 
tions the rRther thinly soot-cowmd billet ntkninecl a tem- 
perature about 6'C. higher, nncl those piiintccl with ocher 
and venrtion red [Tot~nliopf] a teiii ierature about 4°C. 
higher tlinn tlmt reaclied 1)y the hoc,~< pniiitecl with 
white lead. The heating of the block coated with glib 
zurit (zinc-white and clanininr varnish) ~ x s  still less, 
althouuli this block rlift'erecl by only O.PC., in the nicwi, 
from t7ie blocl< with wiiite-leiicl conting.  lie olrl obser- 
vations of Melioni, accorcliitg to which white lend hns the 
same radintiw ancl absorbing power as liimpblack, must 
therefore, be Eased on error. 

1Vit.hin t>he shade sc.reen the louvered shelter re; 5tma on 
two horizontal st.icks running east and west,; the soutlierly 
one is 32 cni. dist,ant from the southern ost, and the 

front.. Tho small-sizecl s h c h r  will bo placed in the center 
of the arched screen roof; the large shelter, however, will 
be placed to the left so that the center of the screen falls 
in t.he iuiddle between the dry t,herinimmt.t)r and t.lio 
thennograph element, while the lef bhniicl side of t,he 
shelter roiitainiiig the clockwork stands farther t.o the 
left t,han does die right,-hnncl side to the right. In  our 
1at.itucles at the height of sulnmer !.lie evening sun grazes 
the lef t-limcl Mille of the shelter witliout seriously aff ect- 
iiig the instrunlent ptirts (~lruni and rewrdiiw pelis) 
there locat,ed. The right-hnnil side containing t?iu psy- 
chroineter is much more in need of protection. 

The cross supports in t.he sliade scretm for 1nt.itudeu 
I t i "  N.-lO" S., p s t .  bc set, so far t.owarcl the newest pole, 
tlrnt the door side of t.he shclt.er is only 40 c.iii. from the 
cliorrl of the corresponding edge of the screen, while the 
renr wall is fully 65 C I ~ .  fro111 t.he ot lm screen edge (in 
the s n d  slielt.er each of these dio tances is increased by 
about 4.; cm.). Wit.h suc.11 an 8s osiiru t,lie slieltw, even 

In cliiiiat.es wit.11 very st.rong radint.inn, if the poait,ion 
of the thernion:eter 111 the shelter bccclmes not,nbly 
affected-say iiiore t,linn O.P'C.--by the rnys of a sun 
standing men .lower t,lian 2 V ,  t.he nint,ter shoulil be 
reiiiediecl by using a movable screen t,lint, \rill riot int,er- 
fere wit,h rcnt.ilntloii, rather thnn by hringiiig t:ho fixed 
screen down lower. Such n inornble scrcen limy well 
be a stlip of comsely woven bngging 25 cm. wide and 3 t.0 
1 m. long. Wooden stri s itre t,ackorl on at its upper 

nort!lierly one is about the width of the she Y ter farther in 

tit, lnt,. loo, can iieyer be reached t y the lilgh sun. 

edge and across it,s mirlc P le, between which points tho 
-~ ~ 

* Bee Cohlenk. W. K, Diffuse reflecting power of vlrrlous substances. Bull., U. 8. 
Bureau of Standards, 1812, v. 0 (Reprint No. 1%) 

bagoing is doubled, but i t  is single ancl merely hemmed at 
it,s Liottmn edee. TWO screw hooks in t.he mar inn1 

screen. The 3 111n1. iiieslies of the sncf& let, the air 
flow tlirough and gi-ie n half-shiaclom which gets denser 
as tlie sun tasscentls; the wind can lift tho under edge of 
this curtitin. Aft,er i;iaking nil observation. this curLaiii 
is hung on tliat sdt? on which the siiii wiU shine froin t.li:tt 
time to tlie ncst. ohssrvnbion. 

It, is oft,en tiecx?ss:wy, in orilor t,o secure good tenipera- 
ture readings, to plnce tho tlisrmimc ter shelt,er w-liere it 
will bs necessiwy to gum1 it. from iiiischievous persons. 
For this purpose mire netting of 10 an. mesh can be 
st.retc.1ied froin the untlor edge of the screen roof to the 
ground, with a door of the sa1110 mat.erid between the 
two iiort,h post,s. 

C. Instw~nents.-Tli e question of cirtificinl ventilation 
will be further considered when discussing the psychroni- 
et,er. Here I wish to osprass only the widios (1 1 that the 
smdlest. di-i-ision of the scaln bsnot. hss h i i  0.3: to 1.0 nim.; 
(2) that the t,hermoniuter bulbs bo msde as s I d l  as is 
consist,enta with such scale dimensions. If it is desired 
to have, for esiin~plt?, a tlionnoiiieter rending to 

if one ni1opt.s a tberiiionietc?r rending to + or a whole 
ilewee (nml after ti little prixticc: i n  estimating, such 
s c t h s  :\re almost eclualiy ncc.iiratc I t.lien this tliermonieter 
should have pruferablg :I cylindrical :and a smaller bulb 
tbnn is now U S U : ~  in Cferiiimy, in order taliat it. iiiay rapidly 
follow blie clinngiiig t,eiiipera ture and have a diglit rudia- 
tion error. 

Stmations of tlis first order will also have self-recording 
ap1iar:itus for air tmiiperiLture and air moisture. If this 
apparatus is ns good as it c:~ii imd should be made to-day, 
then t-he 1llilsilliUlll and ::iiiiiniiiiii theriiionieti?rs and the 
hair hygrometer can be iunittcd. If they be desired, 
however, t3ien thev should be placed in a separate, simi- 
larly screenod shtlier, .and not be ~Jlotvud to cause an 
unnecessary increase in sizn of, or ohat.ruct.ion to  the 
Ten t.il:it,ion of the sl iehr.  It must not be forgutt.cn that 
wide the extreme t,lit?rliioiiic?t.~r can intleecl be read very 
accurately to &. dqgrec, t.his accuracy is illusory. The 
errors duo  to  ratlinticm nut1 locd factxwa of the therinom- 
eter eqiusure art3 trilling in the clnily mean tempera- 
ture, but (ire ut i7;t+ lrrrgcst in i!lit! e.rij-t>ii:c :ernperai.ures. 

2'iic.,rlio7i.~/!1i'o!l,u2,7L.-hlr. Constniis Ychncidt!r, of Ham- 
burg, hns Imilt n suit,al>le thcriuohygrogrnli~ to nieet, the 
requirements 1: Iinvs given. I t  traces on ti relatively 
large scale in ink (1" C!. =3 ixiii.; 1 per cent huniidity- 
0.5 nini.;.for one revolutionlo in 34 days, 1 liour =33 mm.) 
on coorchnntme pnper fixed 011 n clrum. 'lh coordinates 
are rectangular ancl in a s ,aten1 of the inventor's, that 

stick serm t.o finrig it  t.0 the lower ell e of the s P in& 

, 

i 
tlie degree shoulil be 4 to 5 i ~ ~ l i .  long; 011 the other ley, iniltl 

hss already been successf id i-- y used on iiiuny barographs. 
.. . - -. .. .. . - . ._ .. -.. . . . -. ... . 
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ens 36 nini. long are suspended obliquelv at 
Hanging the em1 i) F the en-arnis, and glide. nlmg n perpe1icric.u- 
lar rod of rhoiiific cross section? being hehl tlgiiinat it  by 
their own meigiit. This systeiii lins nut as et been 

011 the cloclmork by friction only. It. is protected from 
moisture by a squitrc till mse whose front and left side 
are hinged, door-like., to the rigidly f:i.~t,c~iiecl hack niid 
right siilc, 2nd cn.11 be smung opoii d [ m  thc ccww is 
lifted. The clockwork witliiii the :.t?cortling druiii is 
further rotected by a miitcrproof ca.se. To tilinngc! thc! 
record-s ieet the fresh stri I is strctchecl over it duplicnte 
drum in the house; then t IC b o n d  upon wiiirh tho nppn- 
rittus stands is tunied rouiid, the CRSC 0110nt?d! the old 
drum lifbed out and rcplncecl by tho new one, aiitl the 
two pens charged with ink if n ss!i.ry. The clock is 
womiil without n key, while t,he 1s closcd, by 111cnns 
of n ratchet wheel whose lever sticks out from be1ie:it.h 
the case m c l  is nioveil brick aiitl forth. Tlius the instau- 
merit need not bo iiioved froiii its place in ihc! shelter for 
an)- of these operiit,ions. The elements nrc n h i r  hygro- 
mei.er and :I. biinet:i.llic therinonicter, built I,y C. Soliiieiilor 
hiiiirelf, who has hncl iiiucli asperiience in making thcin 
for t,lie lrita aaicl bnllooli instruments of the Hnmhurg 
kite st.tit,ioii. Tho trmsniission iiiech nnimi of t.lic hair 
hygronicter is nilop tell froni the Jticliard !<it0 niet.eoro- 
graph. It has the advaiit.ti.ge of pcrinitting n fairly 
uniforin scale, but also t,he clisarl~-nn t.am tiint the trana- 
niissioii coiisuims n 1:trgo amount oP t,lio little force 
~ ~ d a b l i ? .  The ent.ire Ir:we of the npparat,us is mnrlo of 
nickel aluininuni. 

Figure 4 shows t,hs t,lil.rii~oli!.erogr~~~~~i open. I n  
later osnniplos tho l iyp~i i i t  r lii&irs will L o  1ongi.r aiic~ 
placed uildcr the base-plate bc!sido tlic! thrinometric 
clenien t . 

Fur sewlid-order stations without r@toriiig nppn- 
ratus, t,hc tlinieiisioiis of t.hc louvered slielt,c?r are so chosen 
that the bulbs of the psgchroiii r and of the ninsiniuni 
and niininiuni thmnoinettm stmid off nbou t. 5 mi. from 
the louveis. Accur;tbc obswrittions arc? nncdtxl to dct~i~r- 
mine whether, as som\  contend, the louver walls at this 
distaiicc cnii sffcct thci tciiiperitture readings. If tho 
inner louvers have n t m i  >eraturd noticeably clifl‘erciit 
from thata of the air out,.& 1 c the shelter, thcn t h  t.i!ni- 
crat,urc? of tho air iii t,hc sliolter idso will be iiicorrwt,. P believe $ h t  this clmgcr is nvolclod hy the n1Tit1iecliii!lii, 

here p r o p i ~ ~ d  whiri*oby iio st,rong ritdintioii ~ a i i  f;Jl uj>fiil 
eveii $lie o u h ~  lo~iv~.!rs. The thcriiioiiiet~eis: lie with 
thcir up )w e d s  in ~i-ire r&s \\-hic.li are iiiscirtecl i:i notches 
cut in t! f it! inucr iou:.ors of tliv west sidti uf tlit! sliclt,ur; 
iionr the huli>-t?nds stii,mls i d  wi’t.icd wvoclc!n rod carrying 
stronz wirc! liooks as suppc~ri~.: which porniit t,Bn shifting I i  

of tlie iiiasiiiiuiii niic~ t,lie inininiuiii t.h(?riiioi~ic.t,i.rs 
according t,o ‘the chnnge of sci:is~ii, in coiiforiiii t y  with 
the instmetioils of the Prussian Meteorological Insti- 
t,ut,e. * :k * 

If it is dcsirod t o  place also a hair liygonictcr in the 
shelter, tlicii thc space above niid t.c) t,lic! right. should be 
chosen for it, in ordor to affect’ all four thoriiioinstors as 
litt,le ns possible. According to its mounting, it ninp 
e i h r  be hung bdiind tlie tlieriiioiiieters, or plncrcl on 
a thin boaril. ‘Ylie inner louver in this place c:tn be 

testcd in the open. The recording druiii is liclc r in plnce 

I P 

11 The mosimiim and mininiuni thernioiniters of the Priminn Institute lark the 
meld bwks of the L’nited btntw \\eather Uureou instruments nnd thev lie horirontaliv 
io metal Lrwkets in front oi the vert id wet- and tlrv-bulb thduometrrshmging brhinh 
them. The bracket witli tho maximum a d  mlnimum is shifted wilh the sensons, to 
mold lnrerlering wi@ readings of the W e t  and dry-bulb thermometers.-C. A., jr. 

wet-bulb thermometer, bccnuso it there has a double 
t,ask, viz, both to rotect against rachtio:i-as in the 
case of tho dry-bulLnnd pnrticulnrly to niake >ossihlo 
tho use of a uniforni psychrometric coiistaiit, b ecnuse 
under the varying vc!ntilntinn of nnt,urt? that constant, 
st,rictly s >td<iiig, should he clinngcd as t.iic rentilation 
nrics.  Bor this purpose, t,lw i~ssimmii Psyclwijtq>irti- 
tor” (price 45 ninrks) is ttlrcady iu wirlc usi! iu Gerninny. 
111 npplyina tIi iu nspirn.t.or to ’lou;.crc~d-s!ic.!trr csposures 
it, is advisiih bo leiigtheii tlic! or ighl ly  ~;!iort tube bc- 
t.wccn tlic? wet, bulb aiid ttspirtitjor’2 uiit,ij it passes out 
through th3 lateral lou~c!rs~ in ordw thiLt II t e  shelter niay 
bc! kept c.1ose.d froiu the tiiiic aspirution begins to tho 
time of reailing. 

With such A powwful air current :it, lianrl (in prescnt 
psyclironspir~it,~)rs it amounts to about. 3 in/sec.. 1 it, is hut 
n stiy to estond its uso to t h  vnnti1;ibioii of the dry- 
trlicrniome ter in t,liosn cases of c h i  we:it.hor aiid stroiia 
racliat ion mlicrc? iinturnl vontilntioii is iiisuIIic.iwt : 
simply hy bringing both bulbs into thi! s:mc current. I 
1in.r-u i!~p~riiiic?iited in this liiic ; huts siiicc :I siniilar 
ilit!iliiicat~ioii of Assiiiaiin’s :qir:tt,ion a~qmr:ttw will 
short!,v \.I(! (loscribed by As~:11i:in11 himself, i sliidl not, g1.1 
furtiicr iiito t,liis m.zt.tc?r. 

Siiic:e it convincing test of thc. 1 1 s ~  tlit!ri?ioiii~.!tr~ s ~ r c ~ i i  
must3 ht? iiiado iii ii cdiin:it.o of strong r:dLt,km, Ur. C’. 
110r1i0 in D:hcvos has iii~st k i ~ i l l ~  udcrt.:~lr<!il i,o ~oi~ip:i.rr\ 
it ovor 21. liliig p r i o d  with tho hsiiinnii aspirittcd t,Iiw- 
nionietcr and tlic Xiiglish shelter. Tlic iiis!,runitmts m1.1  
dw t,hc s~reoiis were coiit.ributmcd for this p r p ~ s e  by t,iw 
Prwsi:tii Mctfeorological 1iistit)uts and t,ht! Chirmnii Sce- 
wnrto. Yiiiiil:w coinpnrisoiiu will be insi.iiutec1 tLt tho 
HaniI-)urg kite station, whose Prc.doiiiinancly cloucly slid 
wiii!ly \vi?at,her makes, indeecl, much lcss ilc?niniids u on 
protctct,ion from radiation, nlt.liaugii not less t.h:tii Jobs 
tliu lintire wenthcr of the English screen itself. 

STOXXS.  
WEATHER BUREAU TERMS USED TO DESIGNATE 

[Dated: Wealher Eureau, Pept. 25,1915.) 

Cyc701w.--As user1 by the Weather Bureau the term 
“ c y d o i i ~ ~ ’  is the name of any atnios iheric systcfii in 
which the bnromctric prsssure diiiiinis 1 ies progressively 
to n iiiiiiiniuiii value at. tlin center, and tsoward which the. 
winds blow spirally iumnrd from all sidt::j. The system 
overspreads an npprosirnately circ.ul;tr or ellipticnl areti 
at least 50 i d e s ,  generally s e . v t d  hundred inilos, iuid 
often over one thousaiid miles in dianie:er. A cyclonc is 
any such systeiii of wiiids, escept tornado which is 
rare1 greater thna n niile in diameter, r.r n wliirlwind 
whit: !r i is seldoiii more than n fern ysrcla :icros;s. North 
of the Equator the inflowing wiiiils move in a coun:ver- 
c,lockwise dircction. South of the Equator the spiral 
inflow is clockwise in direction of niotion. Tile iiaiiie 
does not signify any de ree of iiihisity, sild is npplied 
to storins of little as wefi as to those of pent. intensity. 
On went.her imps cyclones appear as syst.c.iiis of :L few or 
ninny closed concentric isobars of ellipticd or nearly cir- 
cular forin, aiid indicate a pTogressive rlecrense in the at- 
mospheric pressure to n niiniiniiin ilt, the center. Arrows 
showing the direction of the wiiid iudicnte it gyrtitory iii- 
flow from all sides. 

i!lass.~ccilion..-For purposes of aiinlysis mid twhnicnl 
discussion c.ycloiies inay be divided into a great niany 
clnsses. For the piirposes of forecasting, non-technical 

-- 
12 Meteorol. Ztsrhr., Wien, Jan., lS91, 8:13. 


