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ADVERTISEMENT

:\T\{OSPHERIC Physws cons:sts in the apphca.hon of the
- :Boyle- Gay Lussac Law in- its most general form with-all. of
ils  terms variables. :
eyt o PV=KT
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p 3 2

The corresponding equation of motion is
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“Intemauonal practical meteorology uses only B the barometric

-+ pressure, Cor F degrees, and g, and these are in detached,

. , unrelated units. Practical meteorology is therefore unscientific

15and chaofic, and it does not possess the principles of rational
growth. The neglect of density p, volume v, Kinetic’ Energy k
is fatal to the solution of a long list of problems.

My research consists .in restoring to the fundamental for-
mulas all -the terms in their full force, and the result has been
the development of three new meteorologies, consistent with
each other and in conformity with the three groups of funda-
mental physical laws. These are:

1. The Non-adiabatic Terrestrial Meteoro]ogy;.' B

2. The Non-adiabatic Solar Physics. - :

3. The Electron-Dynamics of the Magnetic and the Electric
Fields. o B

I



In the Earth’s almosphere there are two different tempera-
ture systems. The' first being the total solar radiation as it is
measured by the Vacuum DPyrheliometer. The second is the
partial air temperature as measured by common thermomelers.
These Theses ‘will be discussed ‘in Supplements. I\'o ‘3 ancl
No. 4 of this series. o SRt

Fraxxk H. Blm-:r.ow.
PILAR,'.(\RQESTINVA,, - o
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THE STATUS OF AT’V[OSPHERIC
| PHYSICS

Introductzm

The Sclence of Atmospherlc Physncs cons:sts in the devel-
opment of two fundamental terms, % the mean molecular
" kinetic energy, and 7 the mean electron-atomic radiation of
the constituents of matter in its several forms. The laws,
which connect these together are not very numerous, being
chiefly thermodynamic, but their ramification into all the
branches of gaseous phenomena becomes very complex.
Practically these have been studled under seven we[l know

aspects: :

Terrestnal ’l‘hermodynamncs or Meteorology

Solar Thermodynamlcs or Solar Physncs .

. Solar Radiation or Bolometry of the. thermal spectra
: Solar Elements or’Spectroscopy of the vxsual spectra
. Terrestrial Radiation or Pyrheliometry.,
Atmosphenc Terrestrial Magnetism. ,
Atmosphenc Electricity ‘and lomzauon o

-\lo:o\-hcolos—

These branches have growu up as. scxence has progressead
quite .independently of one another, in obedience to some
important discovery or to satisfy -some practical - demand.
The general consequence is that they are not sufficiently
harmonious to work together. This isolated segregation has
" resulted in much confusion and even in chaotic antagonism.
There has been a lack of an Analytic Theory which is suffic: '
iently comprehensive and strong to weld them together into
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a real Unity. It has, therefore, been -the purpose of this

research, to develop some of the basic Theorems that appear

to have practical application. when tested by the results of

exact observations. “The ultimate problem is the connectlon

- between -the Kinetic energy % and: the radiation /i and thl\,,

- we have found to be- expressed in the Two-orbit Theory of
: ,Rndmnon, es has becn _explained. The- essential characte-
" ristic of this Theory is thut k£ and & have been changxd from

‘ ,'constants into ‘differential vannbles whlch mll cont’orm to lhcf t‘

: ~pnmary laws of Phystcs

[/w Status (/ Metco; ology

\leteorology is confronted by three practical dxlemmas
Fiyst Dilemma: 1t is impossible to satisfy the requtrements

-of science with the systems of units .in’public use. Science

is restricted -to the absolute units (C. G. S. A)! which - for

~'meteorology “may ‘be transformed inte (M. K.'S. A), because.

---all_the physical sciences- are-developed- on this basis. Public
units are relative and incoherent, . enlirely : unfit for analytic - -

- computations, Pressure in inches of mercury, mﬂhmeters of

mercury, millibars must give place to kinetic energy 'per
volume; temperature in degrees Fahrenheit and degrees Centi-
grade must be replaced by degrees absolute; the density, the

volume the “kinetic energy are nat utilized by the pubhc in

" any way. The test of concrete values is that these four =
y Y. .

- quantities simultaneously satisfy the Boyle-Gay Lussac-Law

.and the kinetic- theory at every pomt in a [ree atmosphere
T R 27
e 1) Pl = Pm vo= KT _-I{[RT =_.r’\'L'T=-3- e 1y ﬁ?A’«:

=2, .
I .
In other words meteorology must be put upen n strictly

Kinetic Energy Basis. This applies to Climatology, Syn-
-chronous Weather Maps, and Thermodynamics. The present

N

e,
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systems of forecastmg have made no progress in- filty years
because tbey are inconsistent wuh the fundamenta] laws ol‘
Atmosphenc Physies. - . o S Tt

Second Dtlemma Adiabatic Thermodynamncs and lhe obser-
vational data, pressure and lempera.mre, of a thousand klle
"and balloon ascensions are inconsistent with each other, S0
that a strictly non-adiabatic system of thermodynamics must
be used in the free air. The,‘adiabatic gravity balance equation

2)‘ ,~ g(zx—'w) —  p‘l;—-—z(ﬁ—qﬁ) o

mu«t be chunged to lhe non adzabauc equallon

3 g = o |
; P—P ;’e' .
Tt ('xo (‘71”"9 )—(“’—"’)—(('1‘_( a"

T
ARSI

4) _.5‘(:,;‘— o) = (u—-l)P,o(: —1, )-—-- (q ) (1, _r 0)~
8- gzl = - (1\';\'0 —,--(q )—(a - o>,,

comparc lhe Solar Treatlse, pages 222 223

Free atmospheres are not constructed on the adnabahc
model, but in every .unit - volume there are to be.found- free
teat, circulation and radiation. Hence, ‘the kinetic energy is
variable, so that K, R, % -are vanables and not constants
We ‘have from 1) ' . R R

" 2T = C, conslant-in all atmosphereS' T DRI

Rk N;y= C‘ another constmt m the Suns adxabatuc strum.
. We hdve, ulso T ' A '

: .L..l

_.\kT. I’v—Ii’T_..
m

These ‘theories *lead to many valuable practiéal' results.
-Third Dilemma: Meteorology..cannot take its proper place
alongside the other six -branches ~of Atmozpheric Physics
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unless it conforms to the laws that they employ. "At present
\deteorology is in dxrect conflict with the Boyle-Gny Lussac
Law, the Kinetic Theory of Gases, the non-adiabatic Gravity
Balance, the first Law of Thermodynamxcs, Poynling 'T| hsorem,
Stefan’s Law, Maxwell’s Electrodynamic Equations, the Ein-
stem Equahons, the Planck- Bohr- and Bugelow Thennes ot
Radnanon o 4 AP
"The "Sfa?zis of Solar Physic&i

‘\pplymg the. equatmns of “terrestrial non-adiabatic thermo- -
dynamics using the method of trials, it has been possible to
construct the solar thermodynamics for the monatomic ele-
ments. The work on' the more complex ¢lements has not
been undertaken ‘on account of the difficulty of -assigning -
a value of % = ¢pfc,. The isothermal layer has a tempera-
ture 7655° to 7710°; above it there is a non-adiabatic region,
and below it there is an adiabatic region, where dQ =0. \
[t turns out, that iV, and &, are both vanables, while Nk, = C,
is constant so that’ lhere is circulation. - All of the thermo-
dynamic terms are computed at short intervals, and any of
the fundamental- formulas can be effectively tested.. In every
one both % and % are variables, and all the formulas based
upon constant kmetxc energy and constant ntnmw radiation
are mva.lld

“The Stalus q/ Solar Radiation’ aud Bolometry

The evndenc}e\ls that all the complex elements are brokem
up into hydrogen atoms at high temperatures as 12000°.:
The electrons seem to accumulate in the:isothermal: layer as.
surface charges. It would seem. that there is & thin radiating
layer put between the adiabatic and the isothermal strata -
where the solar radiation is chiefly generated, by the two-orbxt
atom-electron model which has been explained. The tempera-
ture of radiation is 7653* equivalent to 5.85 gr cal/cm?®.min
at the distance of the earth.', By the bolometer coefficients.
of transmission this black radiation, 2. = —15'86500, a = 4:00,
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leaves the sun at 8850° and arrives at the earth as 475° or
3-98 caJones It reaches the surface at 3685°% or 275 ca.lonqs
having changed the “a" to —14-16600. The change in the
coefﬁcnent |s due to the absorpuon by lhc dlatormc elements

" The Status of Solar Spectro.scop)

The thennal fines of the spectrum extend from 3700 A.
1o about 2500 &, the shorter being. absent and. the others
being sub]ect léli‘lme and band’ depletlons The vxsual line
:spectra ongmate at all possxble levelﬁ in the solar. utmospheres
accordmg to the thcrmal condiuons Strenuous “efforts have
‘been made to. determme the solar thermodynamlcs from the
vnsual spectra, but the success s very limited. It would seem
to be a more promlsmg mode of attack to proceed from_ the
fjhermodynamlcs to the spectra Planck’s formula holds fairly
w"{('ell in. the sun’s admbahc strata, where k and & are more
_nearly constants, but 1t fails above that regxon Bohr's orbital
_;formulas are correcl ror the hydrogen Ime o1t 503 . Their
extension to other lines is restricted to a8 very few empmcnl
series. :
‘ - The Status of Pyﬂ:elionwh y
The results of researches on f.he intensity. -of the. solar
radialion by pyrheliometers fall into (wo groups,

1. the mejority falling. between 2:70 and 400, calories,
2. the’ mmonty falling ‘between 1°80 and 210 calories.

The max:mum AT and the maxxmum T.,. in the zenith
’may be found:by the Bouguer Law. “It'is rot possnble ‘to
_proceed by dQ'=CdT, or diW= CdTn to find this value.
*For dU=CdT as developed by the Poyntmg Theorem' we
~obtain 2:75 calories at the surface, and 388 calories at -the -

top of the atmosphere. The vacuum pyrhehometer gives
'dlrectly the T of the Stefan Law and this again produces
- 275 calories on the sea level. Common . pyrheliometers are
~defective because they are in free contact with the surroundmg
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atmosphere, and do not fulfil the ndmbatlc condmons re-
quired: by the dlﬂ'elential theory . :

The Status Qf Atntospheﬁi Magnetisin

Terrestrial . Magnetism and  Atmospheric Magnetism are
two_aspecls of the same laws of physics, Singularly little
*progress has been made in a hundred years in resolvmg the
cause ‘of this phenomenon, “which is common o the atmo-
“spheres ‘of ‘the sun and the. earth. The synchromsm has
been estabhshed between " solar spots and prormnences, radm-
tion, magnetlc field, atmosphenc temperature and pressure ‘in
the 11-year, annual, 26-68-day periods, and this is being
successfully extended to d1umal and hourly variations. The
usual’ kmelxc theory of gnses for uncharged molecules with
‘Stmple free path trajectones must be md:cally modified " for
charged atoms and electrons In the latter case all the trajec-
tories become solenoxdnl splrals, and the kinetic energy % is
supplemented by orbital motions whlch culmmate in- the radm-
tion . Hence the equauons .

6y W, = -;- mpR=y=Ve= ;2--;, have equivalent value

as will be fully explained.

 The Stalus of ﬁtmoﬁs‘phef:‘c Electricity "~
- The . hypotheses, regarding the origin of the almosphenc
'_'elcctncny and ionization are very numerous, but they have

- been . only partmlly vahd representmg certain features of the
phenornena. We ‘have ‘been able to prove. that the diurnal

values are closely nssoonated with the klnetlc energy R= -]-{— =

A 1z
= :uk , which’ agree together in summer and wmter with the

observations. Since % and % and ¢ are closely mterwoven,
we may expéctto develop this branch of Lhe subject much
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more fully as our experience penetrales into the details ot
the complex system of forces involved. . .
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Flo l The Unlly of Almowhcnc Ph)':«c«l

(I) Thermodynamncs, (2) Bolometcr, ) Vacuum Pyrheho-
meter, (4) Air-Pyrheliometer, (5) Magnetic ‘Field, (6) Electric
Field, all converge on 275 calories’ at the surface and 398»
calories at the top of the atmosphere. The Bouguer formula,’
as. extended (rom 1-45 calories ‘to 1'95 calories is crroneous.
It measures the radiation of the air, not’of the sun. (o
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The First Law of Thermodynamws 7] Shata

7 (Q:—0) = (W,— W) + (U,—T))
has not been .changed but its uses have been very exten-

sively incorporated into’ atmospheric physics.’
The gmvnty balance equation of motion,

8. S@l .°)=;—:;——---(q, - Q-0

Q) d(‘ ‘o) - (l—-l)kT !I(Ul—-l’o)—(U-- o)
has been made the check and test of all the computed values
of Pu;p, R, Ti m P=pRT

The radiauon equation for the Earth’s atmosphere
U0,

. ‘ q('l "o) — LA
10) ; —(l- l)kT : "10 "1_’:"""0) )

“10(”1 o)
per molecule has been computed from non-adiabatic data.
The radiation equation S e
21_(’«-

11) =aT* connects lhe thermodsnnmlcs
v,—z 4 3

and the Stef.m Law, but:in- thls case a, the volume densxts,
and the exponent a-are vanables .
The Bouguer Formula of depletion,

12) AT = AT”, PNG- ‘ and T = Tmp‘“'

are restricted to compulmg ATy, py, Tus Py in the zenith of
the station.
The Povntmg theorem of transformauon

13) - ‘—-—-[E H],, = . I., —-(E!+Htu=)

in -unit condltnons has been developed fox computmg the
radiation % for the ‘'solar envelope as well as the earth's
atmnsphere These . form fwo distinct souras of radmnl
energy, and they must not be confused.

The Stefﬂn Law of Radiation’ in atmospheres '

1) . umaTe=aT
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‘results in four different rundamental values of the coefficient g,
namely a,, a,,a,, a,. : :
The Einstein- equations of equiva(ents

15 W=—1-mu'=1¢='l/c=—--‘"e'

have been developed for m and I varlables hence ‘are: apph-q
cable 10 ‘all radiating atoms. . : N .

g The Bohr's. orbital. equatxons' '
18)  for g, Vg, oy 'uo, Voo Wo, for Eoy H, _ ,
nppllcable to only the head hydrogen atom . of K-senes have ;
been_ extended ‘to -all spectrum’ and. lherma.[ rad.:atlons by
making ., h, k variables. o
In the Planck equation for the dtstnbutlon of radmnt

energy, in the term ) . ) )
Chy R . . L EEESAE
e.;f’, ‘we- find kT"‘ constant and -&, v.to be both .variables. -
Planck’s equatnon was limited  to strictly adiebatic volumes?
and’ it ‘is nearly applicable “in’ the .Sun's Atmosphere below .
"the isothermal layer, It 1s ot available in” the" higher stram’v‘
of the 'sun's atmos-phere nor in: ‘the earth's atmosphere dwn
Bigelow's Two-orbit’ 'I‘heory of Radiation gives an_ac-"
count of the atom-electron' mechanism as .a: radiator, :and " it
seems to avoid many of the dnfﬁcultles of the Planclc ‘and:
the Bohr models of radiation. . , P
The - Maxwell electro-magnetic Equat:ons on: the pro-‘;
pagation of energy are accepted without modification...

Various Types of Pyrheliometers -

- The intensity of the solar. radiation can be determined in
“at least halt a dozen ways, -and there are six types of- pyr-,
heliometers. There are two _fundamental theorems,,. -Stefan’s -
Law and Poynting's Theorcm, but these must be adapted to
non-adiabatic thermodynamics. There are two parameters,
T the absolute. temperature and AT the rate of: change..: The:
Stefan Law depends upon T and the Poynting Theorem ls"

9
-
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founded - upon AT, If mdnatlon energy of the mtensuy uis
enclosed in a perfectly adiabatic vessel with - mirror walls,
a small mass of matter which is enclosed within will assume
a temperature 7. This i3 the case of a perfect transformation
from & to k, If the volume is non-adiabatic, as when one
or:more .sides are open, the flux of radiation will change
the volume density and ‘the temperature by 47. Numerous
mixed cases occur. If the vessel . contains gaseous media
and is open to the atmosphere through which the radxatlon
streams, we are dealmg with three dlstmct temperatures o

“7, the possible solar radiation temperature (vacuum).

. T, the aobserved temperature of a pyrheliometer (mixed case).

Ts the actual temperalure of the surroundmg atmosphene

' Example
T, = 3685° >T,,,; =325 >Tps = 315 > T = 30a

‘Pyrheliometers of »all types except the new vacuum ty pe
take up. temperatures which ere. nearer the air temperature
than' the zenith solar temperature.. - This is the primary: fault
with- pyrhehometers, and ‘it accounts for the discrepancy; be-
tween groups.[ and IL If an: imperfect pyrhelnometer observes
AT per minute this value is-controlled by. the atmosphere
and the layer-of air which ‘is in contact with.the thermo-
meter, ‘and it is therefore more a thermodynamic  phenomenon
than a radiation value. Finally, the entire atmosphere is the
ultimate solar- pyrhehometer, and the solutlon is in non- -adia-
batic lhermodynamxcs. e b

Theory of the Sweral P;vrhehameters

1) The Vacuum Pyrhehomeier gives values ‘of T at the
zenith-distances sec z which correspond perfectly to the gmp.x
(logT sec -) in lhe Bouguer- ‘Formula -

. V T= T,,.p"‘- e T e
The maximum Tu = 273’+92° = 365', The value of p
. for the forenoon is about 959/, and for the afternoon it is
7°,. Ir the method of extrapolating from secz=1 to
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'sec z =0 .were applied, -the temperature on the. oulside of
the earth's atmosphere would be 385° instead. of 475‘, whu:h
Uit s, The formula of computnuon s :

., s, = -2- %(-’- 2[—1586400] TA®. .. Stefan Law.

The radiation coefficient 'is tmce the standard Kurlbaum value
= 2ga, as has been proved by computations, ‘see Bulletin of
the Argentine Meteorological Office. The factor o _always
stands between radiation and temperature, because radmtlon
is an effect of the single atom-electron system, ‘while the
"temperatuce is-aneffect of the hydrogen-molecule which con-
tains two atoms in action. This factor occurs throughout
"atmosphenc physncs, and it'is fundamental in pyrheliometry-
;- For example, the thermodynamtcs of the ‘earth’s atmosphere

‘gives the value a_ = [—14'2686).  The vacuum ‘pyrheliometer
~ gives the value @ =(—14-16503] which is twice the Kurl-

‘baum value. The value of S, for the mner energy. ‘at a. con-
~ ‘stant volume is 2:75 gr. cal/cm’ mxn, and lt 15 mr the pomt 3

indlcated on Fig. 1

S, “'_. S +a+R = 398 calones

'Pvrhehometry must always admit. the speclﬁc heat R

2) The Bzgc!om No. 2, Non- aradalmgPyrhehometer reaches
a maximum of 273°-4-52° = 325°, 'this is exactly the same
,mlue as was obtained by the graph method of extrapolation
described in Supplement No, 1.' The same formulas of com-
-putation apply '

S:."-.c..__ ‘m +Z)P+ T"‘+Y,
e A (\, e ( )
,‘ S: -z—-%?a .‘.J-(Plu’*'y)‘i .
;SV,::'% ?} a(T+X)4°° : ,, 5

s lhese are quasn-Stcfan formulas and they all give the same
““result. 398 calories, as has. been .proved by. several years. of
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“expedience. The criticism contained in Supplernent No. 1 are
fully- confirmed. :

3) The Abbot or Btgclow Opm and Ctrculalmo ;a'rhdm—
mefer measures correctly a certain AT and T at each obsci-
vation. Only the AT is used in computing. This is (he
rate of change in the temperature of the layer of atmosphere
qurroundmg the lhcrmometer ‘and it can be computed only
"by the Poynting Theorems as interpreted by the non-adiabatic
thermodynamics; compare the Treatises on Meteorology and
~Solar Physncs f '

S“(H+J)+k(H+J)+U +a+R+(C B. D)

',The kinetic energy ‘HisC. AT,.. m the zenith ot' the statlon, '
‘ C being a specific heat coefﬂment in the pyrhehometer This
has been commonly’ mlsmlerpreted in practlce. If C. AT,,, =

(Q, Q,) the free heat, then there is no radiation at thc
surface but full radiation on the upper strata (Planck). If
C.AT,, = (W,—W,) the ‘work ‘of expansion, then there is
large radiation at the surface and none on the outer layex

Actually C.AT, = (U,—U,) the inner energy and the
radiation is 275 calories on the surface rising to 3'98 calories
on the outer atmosphere, compare Fig. 1. The bolometer
develops along the (U,— —U,) line and not along the (Q;— Q)
“line nor the” (W’—Wo) line. The Bouguer formula gives
AT,,, and p, and nothing more ;

(A T,I)pstcz

The Abbot method of extrapolating from secz =1 to sec =0
is unscientific.and misleading. . ,

4) Tervestrial and Solar Non-ad;abahc Thcrmodynamzcc
The .ultimate pycheliomster is the free annosphe.re with its
pressure, density, kinetlc energy and temperature as derived
from the radiation. The values when computed in strata and
summed from the sea level ‘to the vanishing plane agree upon
398 .calories by ten processes. This is in complete harmony
with the solar thermodynamics developed in a similar manner.
la free aunospheres tHrough which radiation .is streaming . therc
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are circulation ‘and (ree heat - The conditions  are  strictly
non-adiabatic because there can be . no radiation' in - adia-
batic "volumes, . only inner energy -and work - of expansion.
0 = (W,— W)+ (U,—U).- Meteorologists who da not~accept
this fundemental fact ‘ave automatically prohibited  from: all

problems in radiation ‘and circulation. . In’‘fact the :current
* weather map meteorology is on.a completely srroneous basis
and consists of merely detached, relative statistics which have
no- scientific coherence or power of development.:

* The . Vacuum Fyrheliomeler consists of -the usuul -solar -

thermometer (black bulb thermometer) enclosed. in a- glass
cuse from which the gaseous medie have been exhausted
which is placed in a small box 10X 10X 43 cms; .all. the
sides: being lined with white asbestos, except one:long. side.
This is covered by thin glass, and the sojar.radiation: streams
through it..- The box is mounted on a polar. axis, having an
hour circle, so that it:can be expossd by clock work auto-
matically.  If the black bulb is wound with the wire of
« thermal circuit, the apparatus can be made a thermal register
of ‘great precision for continucus record.. The_ incoming radna-
tion- of- short wave lengths .is transformed .into - long wave
lengthshand s0- it is imprisoned in the layer of heated air in
the -box. This same radiation enters'the vacuum chamber;
raises the temperature to T == 273°+-92° = 365°. This_high
temperature 'is due to the fact that the enclosing -air chamber
is also so highly heated that the tendency to radiate outwards
from the vacuum is greatly diminished. . The fault with all
other types of pyrheliometers is that  they radiate rapidly : to
the swrounding - air ‘which has a low.temperature.. In effect
they more closely registsr air temperature than. they record
solar radiation temperature. .- This defect is. fatal to pyrhelio-
metry, and it-has been the source of the . confusxon ithat
dominates this branch of science.

1. The Pouillet pyrhellometer radiates on all sides mto air,

2. The Angstrdm or Marvin electric balances radiate freely
o the surrounding atmosphere, - they do not distinguish’ AT
or T except remotely by secondary coefficients. . . :

i
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£ 8. Abbot's. silverdisk in” a copper lined chamber. has one
side open.to the ‘atmosphere, but it is full of air in‘constant cir-
culation and reaches only a low maximum 7, = 273°+42° =
= 315°. This pyrheliometer gives ‘AT and T but they must
be mterpreted by the Poynting- Theorem.

- 4,7 Bigelow 'No.'1 is like the Abbot type except that the
copper-disk is'in an asbestos lined chamber, one side being open
to uir circulation. ‘It is more sensitive by about twenty percent:

- Bigelow No. 2 places a thin glass plate over the open

" stde, \vhtch stops ‘circulation: and it raises the temperature tn

273°4+52° = 325°% . : o
.. 8, -Bigelow No.'3 places a. vacuum thennometer w:thm

- the non-circulating layer of air and the temperature is raised

to. 273°492° = 365°. -This type approaches the condmonq

) of-the true Stefan Law very closely.

.. Fig. 2 ‘contains an example .of the relative diurnal values
of the air temperature, the Marvin electric balance, the Abbot;
Bigelow No. 1, No. 2 and vacuum pyrheliometers. The great
change in the values of the solar temperature T, as com-
pared’ with the'air’feniperalure,;ses —305° = 80° explains -
a large number of outstandmg problems in atmospheric. phy-
sics. There are "50° to 60' of temperature which meteoro-
logists - have ‘never taken' into account in the weather map
work, power enough to account for the worldwide ' sudden
changes in the ‘surface circulation. The ‘problem of evapora-
tion ‘upon which precxpxtanon depends - is -controlled by this
great energy The ‘dotted lines <in- Fig. 2 contain the ordi-
nates” of the total observed varmt\on in the megnelic fleld
\\-hlch have becn insoluble when" compared with thé common
air temperatures. . The magnetic ‘fleld is “as full of radiation
us an egg is of meat.’ Here are vast physical forces of solar
origin-in’ our 'almosphere which, gre “wholly unexploited..-

B Radzatmu

Radnatlon prescnts two distinct problems, 4)] lhe inten-

‘.«xty ‘¢ which is due 'to ‘the solar temperature T, = 7655°
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and (2) that ‘which is due to. the air temperature 7, — 292°.
The latter represents that part absorbed from the solar
energy. -

ER Az‘r“Radiation"f R
A ! S i ;
The_air radiation in o volume is c’omputed from:
u:u . = als = a, T+%0 by the Steran Law
e
] ranges from l 45 calorles at the surface to \amshmg values
The coefﬁc«snt a ha.s four pnncxpal -values: :

a= 4 -00 - log ¢ a, _'. —15-88400 * Kurlbaum céefﬂcient,
>+ » iloga, = —14-16500 ' vacuum pyrheliometer, -
» o log @y =-=-14°26860 - air- coefficient, -
» 1o log 6 = —14+ 696800 solar-T, coefficient. |

These. coefﬁcnents cha.nge in values with the he:ght and they
pass through the lsolhermal |ayer as black radmhon '

Thc Solar Radmfwn

There are more than twenty different methods for deter—
rnmmg the intensity of the solar radiation ‘itself. - This- origi-
nates .in_the sun’s isothermal - layer at 7655° equivalent to
585 calories, leaves the sun at '89850°, arrives at-the earth
at 475° or 398 calories and. reaches the: ground at 365° or
275 calories, Direct measures with pyrheliometers give AT
and 7. The computation for AT - with the open or ¢ircu-
lating’ pyrhehometer :is by the Bouguer Law and the Poyntmg
Theorem ™

AT= ATmptes, S= (1+k) (H+J)+U,+a+R+(B C D)
Using the temperature T and the vacuum pyrhehometer
cbi 80

T Tmp“c" S: :'7- a, TUJO

The open pyrhehometer gwes a T, of ethbnum between Ts
and T, such as T, = 363° > T, = 815° > T, = 300°. .
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' The_solat radiation has a temperature energy of 50° to
60° greater than the air temperature, and of this meteoro-
logxsts have not taken account in forccastmg methods

- The Intenszty of thc Solar Radmtzon

The researches for determmmg the mtensny of the Sun's
: rudmnon falling on. the outside of the earth’s atmospherc.
may be collected into three groups ]

- I Pyrheliomelers and Actinomneters.

r ..

LT N T

Pouillet. ... ... 1837° - -pytheliometer ~ '1°76 5610
Langley «....- 1881-82 - s 2020 6020
Corva; ...... . 1888 B ~3-00 6480
Pernter .%..... 1889 ba 3:20 6570
Saveliew:..... 1890 > 3-47 6730
Aogstrém ..... 1880 e 400 6980
Corva vuuveare 1898 A ©'2:90 © 6430
Hansky......- 1900 e 3:30 6625
Langley ...... 1002 - - bolometer- - = 2:54 - 8220
AbbOt..0ee... 1803 - E o 2:23 . 6040
AbbOt v . vursis 1917 . 1095 5820
Kimball....... 1917 - - electric’ - 2-20° 6020

1:08 .. 5840

Bigelow +....... 1805 .. pyrhehomelet

The compﬁtaﬁons have all ‘been made by the Bouguer
formula alone. :

II, Bolomeler spccfra.and othcr-'spedal researches.

s r
Abbot, bolometer, Sun and A. J... 411 7000

Very, Meteqrology ........ e 3 0—4 0 . 6480 — 6960
Very, 1012 ...eo0ve ) - .38 ) 8780, :

- Defant, 1012 oo o vvrennnensnnncns 297 - L 6400
Bigelow, Thermodynamic 1917 e
" Free heat ..iicoovesss 4708 0o 6990 .

Hydrostatic pressure .. ... 408 - 6990 -
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S T
-"Inner energy and extema] T TR
CowWorK L i e 4:08 © 6990
Black radiation.......... 38°94 6930
‘Free heat in stratum..... . 3:92 . - '.-6920
Hydrostatic ~ pressure in - ;
C o stratum . laoaleell. T. 400 . 8970
“Inner energy in stratum .. 3:92 6920

Work and efficiency in stra< ~ ~
tum ...l R 3 04 6980
Kinetic potential absolute

radiation ............. 3:90 6910

Total radiation .......... 3-98 ; 6950‘

Pyrheliometric stations ... 8:98 8950 .

Terrestrial thermodynamics 3-90 ;,6_39_510 .
3:98 . . .6950. -

- _IIL Solar photosphere temperature.
Shook, 1913, filters .............. 565 7580
Biscoe, 1916, filters .v......... 0. 6-01 . 7700 ..
Bigelow, 1917, Thermodynamics ... 5°85 7855
“The solar depletion in its atmosphere . 1-87 . .
Outside the'earth’s atmosphere ;... 3:98 = 7655

1) In computing the intensity of the solar radiation as
observed by pyrhehometels there are three principal equatwns
emp!oyed

Bouguer Formula AT = AT.,.p‘“‘
Poynting Equation S = f(T+AT). -

Stcfan Law . A“ =a AT'

"It has been’ demonstrated in Supplement No. 1, that com-
putations by the Bouguer Formula alone are insufficient, but
that the Poynting and the Stefan-Laws are to be employed,
the Bouguer formula being contributory to them.  The entire

group under I must be raised in value, according to details,
and then 1, II, I will be in agreement.
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" 2) There are other principal thermodynamic equatlons
which must be sattsﬁed by the tra.nsformed products’ of ‘the
solar radiation in the earth's atmosphere. .

IR ‘s
el O

Boyle-Gay Lussac Law (- P =pRL, .
Grawty balance ,,a;.s‘_d,?—? ,T,d—:)-—qdq—do

Fxrst Law of Thermodynamxcs 40 = AW+dU.

1t has; been proved that group 1.is not in harmonv \\’lth
any of these three laws. .

3) There are radiation equatmm to be satisfied
Stefan S =eTh e
. W
- 8xch, (R
D

ot M o
‘ x*(lo i 1)
]t has been proved that nelther of these are to be applied

- with_a system of constant.s m elther the Suns or the Farths
atmospheres : .

Wlen—Planck JIm=

A List. of Trwenty- ﬁve Dtﬁ‘ermt Methods oj Evaluatmg
e the Intensity of 1 the Solar Radmtum

These converge: upon 275 calories, with T'= 365‘ at the
bottom and 398 calories or T=475° at .the top of the
earih’s ‘atmosphere. " The ‘low -value 185 calones ‘is - out of
harmony with all of the thermodynamnc elements m the
earlh's atrnosphere, the bolometnc spectra; ‘the magnetlc "and
the- electric. flelds. . Jt is necessary: for :the, .development - of
atmospheric science that the value 3-88 calones shall -be:
adopted compare Fig. 1, Supplement No 8.

1) Solar Thermodynamxcs, Tables 28 and 73 \3'90

Sun 7855°, 5*85 cal; 6050° ...475’.;';.*.'..-‘; . 308
1365°...

2) Free Heat ——(Q, Qo) Ta}ale 75.
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_"’3) Hydrostanc Preswre —P-?z Tab]e 75 4@03
4) Inner ‘Engrgy and Extemal Work‘ '

' —(U;—Uy) — (W,—W,) Table 73......" 4:08

*5)” Back Radiation £J, Table 75........0.0.. .. 304"

6) Free Heat in the Stmlum -—(Q‘ -Q,)ms Table 77 3-02
“D Hvdrosuxtuc Pressure in the’ Stratum Table 770

,—mP P_ ........... 4'00
) } Pio " L T
8) Inner Energy in the ‘Stratum e
‘ f._'—m(u -U,) Table 77.......... . 302

9) F).ternal Work and Gas Efﬂc:ency in the Stratum
' —(W-— o)m+R‘,(T¢,— o Table 77.... 4°02
10) Kinetic Encrgy + Potentnal Energy + Absorbed' '

Radiation’ H+J+2AJ ............. ‘..‘.:‘.._3'99
11) Total Radialion by Table 79 o
l+ll+m+lv+v+v1.;'.'...,..'.j..*fs-'ga .

(H+J)+k(H+J)+U,+(a+R)+(C B. D) . 398
12) Solar Radmtion to Earth - 5- 85 calones '
oy \; ; 2 Wl T
- 4 ‘A ‘ D/
T‘(sun) = 8950° r (earth) _.475" 3-98 calones

- The Kurlbaum value of a, is used down to- the earth' 3
xsolhermal stratum, - : Sileow Lo

13) Vacuum Pyrhelxometer i

s :=”f_’.‘.°_‘l'.2¢ 7‘400 24, = —14-16500 =.a,
'.Y“"4~i-.4v . d B s
At surface’ T: 365°. .8 = 2:75 calories. .
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14) Aur conditions
c 60 C Lo
S...- 1—'7G,T‘w : a.=—14'26860.
S o - - D -y, 60
T=30° S= 1'45'calones; S= P—A—-

15) Air Radiation and Solar Radmuon

§= i"-7’£‘?a‘T”2 air radlatlon' "":;—14 69800.
4 A . B
This is the same as the. precédi'ng.i SN
S;_: :- . -(2?- T‘°° = 3 98 calones "; a“ = ,-—‘14"69800.

This is the way to pass from air to solar radlatxon, the'
factor -of transformation is" 275 T T -

16) Semi-Stefan Methods; Supéleiﬁeﬁt N1

s=Z. 30-.::(”’" ‘+Z)P(T +Y).
4 A p ‘
2=38% q _:—14 70820 . :’,;
i S ERCE 80 .
17 S:‘..-f e s "_‘"Th'l'Y"f
) 4,.4‘“ p("‘m),_
=382 o, 4'5"414‘-‘70620 A
18 v s=2.200 T+X4oo
- : 4 A ( )
a= 400 a'= —14 26860,

There are three pomts of spectal lmportance A
Atmosphere as given by Pressure P 600571 145 cal
Atmosphere as given by Inner Energy 275 eal
Solar Radiation by. Thermodynamics 3-98 cal
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10) Meteorological Pressure. : oL
3 S Pm

— PV = —my#'N PV = Py = ——
2 2. : ' p
3

AEPRE I 1 - -
=~ Py = —myfi'N = --myq®  for H'N —=q1
2 - 2 H 3 }lg q
3P=pﬂlnﬂ'N i

The catio - is really 185 4s given by . observxmons
a8 2:75
1°45 X 1-85 = 268, ... the inner energy,
1:45 X 2:75 =:3-98, ... the solar radiation, ... :

20) The Bolometer falls on the (U—U,) line to 2-75
calories at surface and 3-08 at the vanishing plane. - - =

21) The magnetic diurnal field is computed from the
temperature ‘of the vacuum pyrheliometer 3685°. i

22) The Electric potential is computed from the kmehc'
energ) V= R, .800 X100 X —

14

:?,3) Sun - 7655° 5°'85 Blgelow ..+. Abbot

o o 590001’;.‘ . - "4\'58]0“ Y
Earth  475° 3-98 cal 396° 1:94 cal
Surface 365° 2:75 > - -305% 1-45 »

Abbof is in error because we observe T 365°, ulule
his computed T is 305°*. :

24) P'—fsmecos-GdOf -"iu dufsdan.m:

gt _ 1
-_—.---mn c’—-—mn-— pq-.._nkT
Y 3N
R V_.e&'
f(u(.,u,,u,)dxdydz_ ——- Yoo U odrdyds =
S 3,,_13.; o
: "m
N3l
= % --!~P-- *ntie P du
N P
-l




P = -"?'-H = —1--1”1;1‘&9 =ukT, kT = —l—-nu’;

3F _ P

= =
At kT

25) Kinetic and potential energies H . and J. By the
first Law of Thermodynamics .we -have in the diatomic noen-.
adiabatic free atmospheres ‘

HyJ = —-W=U—-0.
H, J,U, O are positive, wtule W:s negative. We have:
Kinetic Energy H= - P,= -2-R pT
Potential Energy J=P= RpT

Work Energy —W = —%-P: -——i-RpT'

Inner Eﬁerigy o V = -—z—P—Q :Z—R()T—Q
‘ Fre;el"Heat 9= (cpa-—c,..).p(T;~ R
0= (FR—GR) oTmd-

For adiabatic strata R,y =R and Q=0.
- The specific heat = (¢;,—¢p,) = R.
Inner Energy at constant pressure becomes

T :
S U =(g)eT= -;RpT.
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Summ'mzxng m ordel, the result is

Potential P —= Rp T+ Klnetlc —P = —-RpT+
+”speciﬁc‘h‘eat‘ P= Rp_r'é (2 LA E)P = L RerT.
2 2 2 2
'I‘he toml lhermodynamlc energy = -—P 3‘/, pressure
Note

The atmospheric pressure P is due to the transmltled'
kinetic' energy, about 889, on the ‘average at sea levelﬁ
Hence the reduction of P in (C. G. S) to calories is per
minute

PX60 . _ _ 1013235X 60

= 1-05 calories
AX0-89 41801)(107><0 89

for the kinelic energy H'

Examples of .Evaluatzmz

“There are two methods of evaluatmg the kmeuc energy H
and the potential energy J, the first through the rad:atxon
and the ‘second through the pressure.

1) Rad:ahon The observed radiahon and the coemment of

transmission range generally between the values o ::

1 sg'—l 85 calories, the Kkinetic

— 165 calories and

energy H. Thence J ;'*E-H =110 calories,, the poten-
tial energy. o RN

2) Pressure. It is not the simple pressure P,, but the pro-
duct Pv = RT, which gives the potential energy.
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“PuX 60 . 1013235 X 773" 38 X 60 .

=110 calones )

ST T A - T 411851X100 v
. TXB0- 935787 X 273 X 80 _ 3.98'°gr.cal 5
,A« ; “' 4-1851% 100 ~ .~ - cmi.min
- We . have Pv.= RT:E--kT:-Z— _1.1nH’_‘,LV_“‘chce
. : ) o ”s s 3 2 "t ) .
o . 1 N _3 3
the kinetic energy H =—mgh*—= =—_Py=—J =165
1 gY - Lo 2 2

calories.. We reach the same values of J=1' 10 and H=1'65.

by the radiation and the thermodynamm methods. Hence ‘
C(HA)=—W=U=T 854110 = 275 calories. -

'l' his confirms the preceding results and met.hods Fmally for

the ‘edditional- specific heat ' S il noL

R — ) (Ta—Ty) = = R(Ta—To) ;,1'10 calories = J. o

Summa.nzmg we obta.m o

’ J—110+H—F—J_16:>+J—110=3 85 calories.

This method is precise when' exact observations are employed
as at Pilar and La Quiaca, 1812°to 1920 wnth the pyrheho-
meters by the Poynting Theorem. E

;-

~The Ratw of the Specgﬁc Hcat A—GP/C“

The value of % cnn “he computed for molecules of dxfferent :

complexmes T Ly
molecules kinsﬁc+polenﬁd ~-'specific heat. _"_l x—..—cp[cv :
. L | w— .
S atomic 3y e =2 Sl 5 e
monatomic — ; —— — =1
ComemeRmE 1 T T + 2z |2 |9
Cwante | Ar e 7o g=ts |2 T
atomic — . = — -’ ——
[T -3 o 9. ] 0
triatomic e 2) A =T | —==1020
‘ 2 , : 2o
3 11 11 1 .
- 4-alomic -—J + 3J - J=—1T" —_ —==1°22
‘ 2 TR 2 9. ..
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[n this munner the value of x for all solar elements is
found. The precedmg exumples ;are for (Qy— Qo)_O “adin-
b.mc ]n the non- -adiabalic case for- (Ql—()o) = finite values

J+J - 411*—1% u) = (U, —'bo)""(Ql Oo)

“The correspnndmg v ulues of (Qx Qo) = (c,,a—z,.,)( Ta— T,,)

. (Q Qo) —_— (R _Rlo)(Ta— o) —_ '—‘(Ja'—ll)
are’ ‘formal.’ They range from Jm_ a8t the - surf.xce to
Jie=0 at the top of the atmosphere. BT P

‘This :direct . connection - between' - the’ obser\ed radiation
and the. resulting thermodynamic values will form the basis
of many valuuble reseurches and their pructical. applications.
The Effect of Local Conditions upau‘ the Solar Radiation

Fig. 3 exhibits the local effects of meteorologlcal condi-
tions” upon the incoming solar radiation in’ the course of a year.

La Quiaca, 3485 meters above sea level, vapor pressure
¢e=08mm in July and ¢ ._.6'.) min in January. . Generally
the curve has a single maximum in winter, the minor depres-
sion in September and October being due to dust. The
range is. from:3:94 to -4:10 gr. cal/cm‘ min, . 4%, ‘to 5%,
nnnuu.lly, the maximum . oceurring in winter, when the sun
is at the extreme north. The radiation follows the course
of the vapor pressure and this .is a little modnﬁed b) wind
und dust in the dutumn.” R S R

..Calama, 2250 meters..above sew . le\ el vapor pressure

=08 in July and e=43 in January. . The' data are for
1018 and- the ongmal values are multlplled by, the fuctor 2
_in order to:reduce them to the true solar standard The
-unnual curve ranges from 394 to 404 calories, about 2:59%,.
The Abbot pyrhehometer,,remforced by bolometer data, is
mcornpetent to eliminate the local effects of vapor, dust and
other ;depletions. Calama, located- in a rainless district, - has
the advantage of continuity. However, with the vacuum pyr-
heliometer at Pilar, we obtain from 23 to 28 daily values.
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Pslar, 380 meters, e.= 85mm in. July and 6= 17 LRI
in January In this case thers are two maxima, Mareh-April

—ge 1A quach «»/ﬁ\\
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l-w 3. 1‘he observed Annual Radmlion at La Qulaca, Calnma, Pnlnr

nnd October-November. The great depressnon m;wmter is’ due
to-the dry-fine dust which .is -blown. up -by. the wind and-
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fills the lower atmosphere. The magnetic force H has been
determined at Pilar from ten years of data,” and it follows
the observed pyrhelxometer curve perfectly. The depletion of
solar radiation- and ‘magnetic fleld synchronize in all respects.

. None of the formulas or methods of observing has been
able to eliminate local depleting effects. Consequently the
La Qulaca, -Calama and Pilar dmly data -are so much inju-
siously aﬂ'ected by local weather condmons, that they have
but very lmle value t‘or forecust control.

_Solar and .Terrcstnal Synchrmnsm in the 11-year Period

Table :1 contams the following ‘data: the sun spot fre-
quency numbers by Wolfer, the daily mean number of the

.

TABLE L. .
Synchronism in the I(-yenr Period.
© Year Spots .| Promin. Pilar La Quisca | Magnetic:
1900 114 333 |oeeerenecan]cvniaieaiad]| 1588
. 1901 - 33 0°73 . eveeverseens|ovivensains| 1374
. 1902 80 | 01 eieiiiaeered] sevrenaaand| 1464
1803 208 | 1018 3:880 | ....0ve0...| 1028
1004 503 2:73 3070 j..ie.eeenns| 1787
;1905 “752 | 2493 30055 | .eieaeenend] 2104
1908 046 | 245 3976 |..:ei......| 2016
1907 745 435, I X7 T IO [ 2.
1808 588 3:47 3040 |.ieive.....| 2084
1809 527 3°60. 9:980 [..........| 2334
© 1810 .. 208 2°54 .. 3852 [ ieee...] - 2304
1911 223 1-53° 3980  fiiee..eea.l]| 182300
1912 68 | 114 3907 .3:980 1620
1813 43 0-87 ; 4°016 :4°014 1504
1014 17 3-51" © 40004 . 4°019 1672
1916 115 7°31, | 4:004 ‘4+027 2835
11010 560 | 093 3:938 '9-987 2676
L1e17 685 i 9-20 -8:956 | -3-953 3480
1018 | 1188 fo......| 3072 3974 3322,
1019 007  |eeerene..)  3°070 3-988 3607
10200 | 707 . |ieeeeesial| . 3840 | 3935 3452
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prominences by Riccd, the intensity of the -solar radiation at
Pilar and at La Quiace, 1912—1020, the years 1800—1911
being from several sources, and finally the yean\ amplitudes
of the variation of the horizontal magnetic force. This table -
has the same dut.t as table 85 of the Solnr Treatise extended -
to 1920,

The radiation duta for lear are complete since 1912 and
they average 110 observatxons each yenr. Ftom 1912 to 1920
the synchronism is so complete between ‘the solar and lhe
terrestrial elements that no doubt can exist as to its reality.
The runge in the 1l-year period umounts to 2°/0 and ' this
corresponds with about 2. dcgrees ‘of temperature, The local
variation is about 5%, and it is the incessant admixture of
the true solar and the local depletions which render this
problem so difficult of bringing to a working basis. If any
method can be devised for measuring the true so]ar radiation,
as il an observer were stationed on the outside or the earth’s
atmosphere, it would be of- the greatest utility in forecasting
weather changes. ‘Up to the ‘present time this has not been
possible to accomplish day’ by dey at any statnon The
proof that the magnetic fleld synchronizes leads to the con-
clusion that the forty magnetic obscrvatories by international
couperation are most competent to resolte this problem

The Solar and Meteorologrml S)'uchram.sm in Argmtma |

Tables 2, 3, 4,:5 and Figures 5, 8, 7, 8 show the result
of comparing the Argentine Meteorology at ten stations, 'during
_the years 1800 -1020 with. the solar vatiations in the 11.year
period. The precipitation, temperature, vapor pressure, baro-
metric pressure, all synchronize with. the variations of the
solar energy, as registered by the frequency of the sun spots,
the prominences, the intensity of the radiation, the magnetic
field and all other transformed parts of the solar output, -
‘'he upper curve is the mean solar variable energy, the
second curve is for the annual means at-the ten stations,
and in the succeeding curves these slabons are mdmdually.
exhibited. A glance shows that the Meteorology of Argentina
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responds continuously. to- the .intensity. of the solar energy
in the 1i-year period, and in the successive minor ‘maxima
and. minima. ' Entirely similar results nre pubhshed by me_‘
fur the United States 1890-—-1910 T e Al
“In Argentina we make the l'ollowmg remnrks ;
Preapt!ahm;. “This varies up to- 40% and enough to

dnstmgmsh good. agricultural years from poor years Gene-
rally, when the smxspol m;mbers arc nsmg e ramfall e

Argen!ma slxows dgimm;y and vice versdi. | | :
Temperaiure.. This “curve is mverted nnd ls the lea.st
secure, because the atr-rcmpcralurc is .30° ito 80° lower -
than the fmc solar lomperamre, nnd it is dlstorted by ¢ clouds,’
‘ lapnr pressnre. This element depends largelv upon the
‘ cu'culat\on, ‘and this upon many general condmons‘ ‘

Bammelnc prossurc T he changed pressure 1s sustamed'

by. years and it becomes more pronounced towards the South. .

The. art of forecastmg is dependent upon these pnmaryw
facts A R

The Select:on of Sites fm' Obscrvatones des;gned for -
‘ Solar Radmtzon Phenomena o

In solar rndnat{on observat:ons |t is necessary {o be nble' :
* to-_follow the vanatlons of -the ‘intensity - accurately to, less -
" than one percent. The' megular local absorptions- by aqueouS'
~ vapor and dust make this a very ¢ difficutt. programme to realize.
Unfortunately the Bouguer, - Poymmg and - Stefan formulas,
taken separately ‘or in combmauon, are 1mcompetent to. elimi-
. nate- the small variations with sufhcxent precusmn, in ‘order’
© . to measure. the existing - mtensxty in its: p\mty This -would

- be: done if observations were, possnble ‘in the hugh strata,
where vapor and dust do not prevai Speclal ‘devises appro- -

o pnale to the locahly enable us to. make monthly and annual
N correcuons s0. ihat the -mean: ‘values ‘of several’ ‘observations

are really. rehable, but it is at present impossible to do this -
| for daily. values. -There is no “station .in the world : known to
be’ exempt’ from this pmcncal difficulty. I\e\ertheless it is
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- TABLE 2.. Precipitation. !

cordia
Car-
doba

&
3
(&}

Pilar

I}
2
&

rica

Pata-
gones
Sum

Blanca ,. '

g

- 1900

1010

ol 843

02 1178["
03] - 836/

1005|'
- 07| 834

08
09| 809

12| .°844
13| 702

1915)

18| 648]

17| 608
18| 1009
16| 881

1020

1682

1037

829

1037 . 51
1112
1321
1444
1077
- 508
802
7956
701
029
740
1820
1000

1179
' 980
717

1271

1302
1271

1319
930

12711 885

629
829
820,
" 829
51t
" 819

- 537

503
590
e
687
759
848
849
871
303
427
056
862
550

604

- 889
760
1390,

. 483
. 493
493

.. 483
483

B 1
542
537
224

- 305

17
317|218
404|358
628
878
376
a89
048
974
309

339
a82
271
201
180
117

365
380
a3l
825

672

227
544

504

3
547
527
.405] -
754 ¢
a13| 408
481" 340
394f 275
801
1185
749

257 .
|l

© . TABLE 3. Temperature.

Géyn

Con-
cordia
Cory
doba

3
=

Victo-

Pata-
gones
Means

Blenca

E

" 1000|10.88

01{19.89
02{19.27
03118.87
04{18.41

1005118.08

08(18.97
07{18.36
08|18.41
0018.81

© 1010/17.84

11(17.71
12/18.61
_13]18.00
14]18.45
1916/18.61

. :18]20,28
.+ 17]20.10

"'18[19.31
19(19,70|
1020{20. 05|

19.70)
19,67
18.82
t8.a5
18.42
17.39)
1919
18,15
17.87
17.90
1B. 58|
17.80
19.12
10.82
18.38
18.68
18.61
18.27
17.86

21.22
20.59
20, 80|
20.24
20.01
19.081
20,75
20.10
19.06
10.98
20,24
19.21
10,961
21.03
20.76
20.58
20. 18]
21.14]
20,37

18.73
18.56

21,15
20,48

18.01(17.97
18,614{18.10
18.85{17.89
18.64/16.7]
18.51(16.43
18.03)18.37
19.14[17,21
18.66|18.22
18.19]18.05

3535355 sse
ESE=KSSIRSEE

10.50

16.48
15.48
15.48|
16.48
16.48
14.81
16.58
14,87
15.86
16.77
16.38
14.96
15.78)
16.63
16.43
16.46
16.00
15.63
15.52
15.15
15.65

15.23]14.61 117,66
15.94]15. 18 §17.71
16.81/14.78 17.55
15.54|5.1t 17.37
14.83(14.70 §17,08"
14.03{14.15[18.68
16.59(15.08 (17,51
15,04|14.510 f17.74'
16.03|15.01 [17.02
18.10[14.78 [18.99
15.74/14,76 [16,90
14.60|14.13[16.30
16.68|15.90 (17,39
18.89(15.97 |18.20
15.87(14.58}17.47.
16.48{15.01 |17.20
15.30(14.58 [17.85
16.82/16.38 }17.63
16.48[(4.02[17.18
15.08|14.60 {17.43
16.68/15.08 [17.43
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TABLE 4, Vapor Pressure.

02| 21.45| 80.01
03| £2.18] 00.73
o4 21.00] 60.02
1005 22.03| 10.49
08] 22.08-00.75
07| 22.23|;60.47
o8l 23.11 ‘09, R0
00| 23.07}:00.98
1910| 22.85| 66.37
11| 22.60| 60.87
12| 22.56| ‘80.81
13| 32.16| 89.48
14| 21.87( 09.04
1015 21.98] 69,10
18] 22,30( 70,44
17| 22.91|70.83
18 21.79]69.85
10} 21.88| 69,07
1920[722.10/080. 48

56.42| 58.76] 23.57| 32.81{ 50,70
57.74] 69.88| 24.33 32.01( 50.91
57.42| 59.86] 23.98| 42,61f 00.14
57.42] 60.10] 24.10| 32,34| 40.45
67.75| 59.27] 24.38] 12.53) 99,72
57.86| 58.74| 24.52] 32.85| 60,18
68,45 50,84 25.10| 33,18) 00,60
- 58.51|-50.54] 25.14| 33.07| 00.57
58.08| 50.88| 24.82| 32.80| 00.39
57.91] 60.15] 24.58| 32.70| €0.33
58,23| 80.49( 24,85} 32.64] 80.32
§8.15) 60.38| 24.14] 32,368 60,00
57.41| 59.28] 24.08] 32.08| 60.35
/58,18| 59.60( 24.07| 32.19 69.87
$8.68) 50.72] 24.48| 32.40| 59.97
59.20( 60.68] 25.19{ 33.04| 60,85
58.22| 59.82( 23,83| 31.79| 508.64
57.08] 59.11| 24.08| 31.84} 50.71

3).8G] §8.38

A3.05

50.00

33.05| 58.84
733.43] 30.24
33.07] 59.93%
34.14| 00,77

34.04( 60.00

34.03| 60.27
33.80| 30.74
24.43( 60.52
34.20) 59.88

33+ 84
33.81

59.60
58.32

J3.82| 68.84
34.08] [8.53

.77

50.81

39.60| 58.20
33,70| 58.75

758,43|758.00]724,30(732.31/760.,00

733.75

758.17

. -- L Ml 3w ' @ o Vv A

g =2 | & |e9i| 58| 5 |sE|28 |5 28] &

gEIER| S SE|S8| £ |32 (8% ii| 28| 2
1000 12.72] ; 8.24| 14.65] 11.81} 10.50 ‘0.10] 12.26] 7.66] 0.01f 7.GB || 10.18

ot 11.04| i 7.58 13.10] 11.81] ©.30] 8.10| 11.40} 7.0 8.38| . 7.58 0.7
oz| 12.52| :'8.17| 14.35| 12,14| ©,08| ~8.10{"11.80 7.00| 8.0R{- 7.44 | 10.22
03| 12.84] - 8:15] 14.08] 12.33 10.30| 0.10| 11.90[ 7.08| 9.3% 823 1 10.18
o4] 12.45  7.81] 13.86] 12,14| 0.78]. 0.10] 11,48 7.60 0.07| 8.01 ) 10.1%
1805] 12.26| 8,19{ 13.86 11.80] 0.28| 8.70[ 11.22] 4.57|. 90.35 7.58 | 10.07
- 06| 12.38] ' 8.598] 13.38] 12.06] 9.12. 7:.97] 11.70] . 7.84| 7,88 7.67 0.80
07| 12Z.11] . 8,17| 13.92| 11.70| 9.24} 8.20 10.55] B.17] R.14] 7.20 .80
08| 12.08| - 8,24] 12.08( 11.30] 9.03) 9.03| n.88] -7.30| V.67 7.37 .50
op| 11.98| 7.68| 12.42| 10.00| B8.41] B.70] 8.84] 7.04] 7.41] B.38 91.27
1ot0| 12.30| . 8.51| 32.28] 10.88| - K.00| B.40) 0.72 a.78] 7,02 7.00 0.22
11] 11.06| ' 8.88| 12.10| 10.88|. &.72 8.55| 0.82| 6.71} 7.28) 7.19 010
12| 12.41] 9.80] 13.57|-12.18] 9.53) - 0,73| 10.00 7.54] T.83) 7.02f 10.05°
13| 13.18] : ©.90| 14.06] 12.76] 10.04 10.04| 11.12]- 8.231 H.00| 7 48 10.48
14| 13.10| 10.48| 14.30| 12,00} 10.20] 10,17 11.42] 8.30 H€.02| 7.62 | 10.72
1015] 12-17| 10.08| 14.11] 11.32]° 9,10 0.54| 10.08] 7.08] 7.83] 7.20{ 10.01
18| 11-57] - 7.85] 11.66] 12.22) 7.81] 7.81| 0.26] 6.18] 7.34] 7.10 B.87
17] 11.23] - 8.73| 10.44] 9.70] 8.20] .8.43 10,02] 7.36] T.53) 0,53 8.83
18] 12.02| - 9.28] 13-32| 11.800 ©.41] 0.58] 10.72| 7.45[" 8.35 .83 9.04
10| 12.86] 0.76| 14.41] 12,51] 10.24]: 10,53 11,00} 8.11] 9.08| 7.87{ 10.0&
1920} 13.08| 9.70| 13.87| $2.00| 10.21] 0.47| 11.08 .7.58] 8.18) 7.07 } 10.28
o - TABLE 5. Barometric Pressucc:’

: o , . £ . ™ V@ ]

selea |2 (68 |s2| 8 |82 |82 (22|48 ¢

SE|ED| & |Oog|os | & |32 |FF |22 ] 5& | &
1000/721.36]008.85[736 . 58|759.06/723.51{732.61|760.17|733. 05 Ta0.u20757.81 1737.01
o1} 22.00] 40.48| 56.97] 59.065| 23,04} 32.01{ 60,07| 33.05 39,066} 58.23 | 37.75

56.10 || 37.00
50.48 | 37.50
50.61 || 37.47
57.30 Y 97,55
57.40[ 37.60
67.78 || 97.85
67.95 ¥ 38,20
58.02 § 38.22
57.60 | 87.91
57.40 || 28.05
57.24 1| 38.01
50.80 i 37,7

55.73 | 37.10
50.28 || 37.34
57.28 || '37.99
58.24 || 38.56
57.13 | A7.34
57.08 | 97.4t
750.82 11737 .44




B4

oL ROA

. <\4

- . foo - i
AVIRACT 0 . — N
. l . s Y00 . .
. e
cHcuman - vaee
o

A408

S
- : 180 L
frdelgola oo 1

f?f;; E TNPO™NA

Lancord'a wos

Gordoba . 4o

QY
R M %W\\A/ |
y

sl 4
3

. - \\ TL .
i Bl 20\ H\?

Diclorrca

ittk?sfshzeigkt

Ee
P

>l B¢

_. éijrvsikz

Fic. 5. Argentine Precipitation, R




i

F10.06, Argentine Temperatuce, ;.-
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important to begin: with_ the best possible localities where
the vapor and dust effects’ are as small- as possible.
The meteorology -of -the globe divides' into two groups.

1) where the horizontal circulation dommntes nnd
2) where the »emcnl cnrculatlon pre\'mls

The former group compnses thc cyclonic regions of the
north temperale zone, United States, Europe, North Asia; the
south temperate zone, South Argentina, South Africa, -South
Australia;” and the Tropics, where the tradewinds prevail.
This' horizontal movement carries vapor and dust about in
n manner that_ruins the sky for succcssful obser\ ations ot
solar mdmtlon :

The second group is confined to the North ngh Pressure
Belt, as the Extreme 'S. W. United States, Spuin, Italy, N. Africa,
Egypt, -Arabia ayndfportion; of India; also to the South High
Pressure Belt, as North Argentina and Chili, Bolivia, portions
of South Africa and Australia. It is here alone that efficient
observalones can be- located.

The study "of” local absorpuon wxll be dependent chiefly
upon the..vacuum. pyrheliometer, and the variations of the
magnetic fleld, together with extensions of thermodynamics
to all branches-of the subject. A brief summary of the
general ‘conditions for a zenith-sun, may be seen in Figure
No. 1 which will-be more fully explained -in Supplcment
No. 4 on Mggnetlsvp.and Electricity. -

e .\’ote on. Clmmlology

i
1
i

Lhmatology dusctlSSES the effects of local rain and air-
temperature upon . the growth of plants, vegetation and trees.
. But this bas:s is erroneous because botanical and agricultural
products depend actually upon the solar-radialion-tempera-
fure, which:is about” 80 degrees hlgher than the temperature
of the air. The latier- thermal emclenc.y would ‘destroy all
sorts of development: of-this kind.:
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F1G. 0. Circulating and Vacuum Pyrheliometer.
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.1} The circulating pyrheliometer for the Poynting Equation.
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Designs for ﬂze Ctrculatmg and the Vaczmm
Pyrheliometers

I. The circulating pyrheliometer is made of a box 10X 10X
10 cm lined with asbestos,. all the interior parts bemg painted.
with carbon black. The exposing tube has a triple plate
shutter, The receiving block is a metal plate, bored to
receive the. thermometer bulb, and ‘seated on an asbestos .
block. The space between the bulb and the metal-hole is
filled - with mercury for contact. This is covered with:a thin -
roll ‘of wollen “thread for elasticity and shellac for tightness-’
all being screwed down with a cap. The thermometer ex-
tends through a sheath tube, cut open on two sides for
lighting the thermometer. The brass tube is screwed into
a strong ring attached to the block of wood. Suxtable counter-
weights are added for balance. =~ ~

II. The vacuum solar thermometer is enclosed in ‘a2 box
10 X 10 X 43 cm lined with white asbestos not painted black,
one long side being -covered with a thin glass plate.

. A universal mounting, with polar axis on the ends,
and declination. axis at the centre, provides motion in hour
angle daily, in declination annually, for any latitude ¢. The
two pyrheliometers can be placed .on this mounting which
will serve for'all possible zenith distances of the sun. It can
be made self registering by aclock work on'the hour circle,
and an electric circuit wire on the bulb to a magnetic register.

No. I measures the rate of change in the temperature of
the air AT; No. Il measures the solar temperature Ts."




