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periods of December, 1924, two of these machines were 
rove near Pasadena, 

tlin of the motor. The other was ke t running only 
wit % dficulty, because of overheatin- o f the motor, but 
it waa o erated throughout all the colcfnights. It showed 

orchard, even within a few feet of the base of the machine. 
Following the earlier tests, which showed that the 

temperature in the orchard was not raised appreciably, 
the officials of the company had claimed that protection 
against freezing of the fruit was afforded regardless of 
tem erature simply by creat.ing a breeze over the trees. 

disproved. The fruit crop was a total loss, and the trees 
were defoliated and severely damaged. 
. This cor oration has spent probably several hundred 

encoura ement. At resent it appears that the niethod 

dollars each, and it is believed thot by discouraging their 
purchase the Weather Bureau has been instrumental 
in saving the growers lar e sums of money. 

Overhead sprinklem.-%urin the past two years several 

irrigation and frost fightin combined. Jertical pipes 

which &ow the entire grove to be sprayed. 
From the beginnin , we have done everything possible 

overhead sprinklers in protecting fruit from frost. 

‘ven a careful test in a lemon 
8alif. One broke down immediate 5 y because of the set- 

practica P ly no effect whatever on the temperature in the 

In t B. e latest test, however, this contention was entirely 

thousand B ollars in experimental work, without much 

will be a 96 andoned. IF he machines cost several thousand 

citrus growers have installe f overhead s rinklers, for 

carryin the sprinklers at t f eir tops are set at intervals 

to prevent growers P rom counting on trhe efficiency of 

Despite this, several lar e citrus groves were equipped 
with them, mainly for B rost protection. 

During the winter of 1924-25 a careful check on the 
effect of this artificial Tain was made under actual frost 
conditions. The tern erature was raised about 3’, but 

hours, because the heavy coat,ing of ice threatened to 
strip the branches from the trees. We have thus been 
able to convince the growers that overhead irrigation 
for this pur ose is not practical. 

To descri e all the new heaters tested would exceed 
the limits set for this paper. They may be briefl men- 
tioned. First is the central heatin d e  fuel 
was burned in a large furnace, an % t fant. e heated gases 
driven through large pipes through the orchard. Second 
is the coverin of the trees with canvas tents. Third is 
the running o P irrigation water in furrows in the orchard; 
this practice appears to have some value, but is effective 
only when the temperature does not fall muc.h below the 
danger point. In  a carefully conducted experiment, it 
was found that runnin water at  a temperature of 72’ 
in an orange rove he12 the temperature about 1.5’ on 
the averaae a !i ove the outside tern erature. Fourth is 
the use orcoal briquets for orchar heater fuel. These 
were found to be satisfactory for protecting small acre- 
a es, but high labor char es and other drawbacks make 

a !i 
To sum up the matter, the orchard eater is today the 

t E eir use inadvisable for arge acrea es. 

only practicalmeansof obtainin complete protection from 
low temperatures in orchards, % ut constant effort is bein 
directed toward h d i n g  some more satisfactory methocf 

it was necessary to s E ut  off the water after about two 

a 

VALUE OF SMUDQE-POTS IN PREVENTINQ FROST IN CRANBERRY BOQS 

(Summary of s report by R. A. Wells and Perry Parker) 

By FLOYD D. YOUNG 

The Fruit-Frost Service of the Weather Bureau receives 
numerous inquiries regarding the practicability of using 
heaters to protect low-growing crops, such as strawberries, 

Tests con- 
gucted recently by Mr. Ro A. Wells, in charge of the 
Weather Bureau office a t  dorth Head, Wash., and Mr. 
Perry Parker, his assistant, to determine the amount of 
the temperature rise that can be obtained 
oil in lard-pail heaters on the 
mouth of the Columbia River, 
in this connection. The flooding of the bo s for frost 

cranberry sections, is not practicable in Washington. 
A one-half acre plot, e uipped with forty 10-quart 

pail, from which they take their name. They are 9 
’ mches in height, with a top 9% inches in diameter and a 

bottom 8% inches in diameter. The “spiderl’ is a 
removable disk, which is laced over the top of the 

An instrument shelter was placed in the center of the 
plot, and another in a bog not equipped with heaters, 
about 300 feet distant, for a check on the outside tem er- 
ature. Both shelters were set directly on the vines. %he 
instrument shelter in the protected area was placed 15 
feet from the nearest heater. Exposed thermometers 
were placed on the surface of the vines near both instru- 
ment shelters, for a check on the radiation temperature. 

otatoes and tomatoes, from frost damage. 

protection, as is done in Wisconsin and the At f antic coast 

lard- ail oil heaters, was se 7 ected for the heating tests. 
The Yl eaters are similar in shape to an ordinary lard 

heater, reducing the rate o f fuel consumption. 

The heaters were lighted on two frosty nights, Sep- 
tember 25-26, and October 10-1 1924. On both ni hts 

no fog fornied over the heated plot. During the first 
espelvnent the heaters were set on iron tripods, of the 
type shown in Figure 1, with the tops of the heaters 2% 
feet above the surface of the vines. The heaters were 
burned with the so-called “soot arresters” or “spiders” 
in place, reducing the rate of burning about two-thirds. 
The maximum rise in temperature inside the instrument 
shelter, due to the heaters, was 2.9‘ F. The ground 
fog at  the check station affected the temperature in- 
dicated by the thermometer exposed on the surface of 
the vines, so that a direct comparBon between the exposed 
thermometer readings at  the two plots can not be made. 
However, b comparin the difference between the read- 
ings of the s ieltered an ex osed thermometers in the area 
equipped with heaters be ore the heaters were lighted, 
wlth the difference while the heaters were burning, some 
conception of the effect of the direct radiation from the 
heaters on the temperature of the vines, may be obtained. 

Before the heaters were li hted the average difference 

thermometers was 5.1’ F. When the heaters were 
lighted the difference was reduced to 1.4’ F., making a 
rise of 3.7’ F. due to the heating. Adding the rise of 
2.9O F. shown by the sheltered thermometer, to the 3.7’ 
F. rise shown by the unsheltered thermvmeter, due to 
direct radiation from the heaters, a maxmum effective 
rise in tem erature at  the surface of the vines of 6.6’ F. 
is indicate8. The average effective rise in temperature 
on this night was 5.1’ F. at the surface of the vines. 

a ground fog hung over the ch k k plot at intervals,gbut 

rv % 
between the readings of t % e sheltered and exposed 
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FIG. 1.-Lard-pail oil-burning heaters set on metal stands in cranberry bog near Seaview Wash. The 
heaters are u d  in the spring to protect the blossoms and buds from damage by frost, ahd in the fall 
to protect the berries 

' 

Flu. r.-~ose-up view VI heater on metal stand in craLL"y boe. rhe three ~ r ;  2 of the s t a h  !,'e 
forced into the ground several inches, so that the strong win s whch sometimes bfow in the district 
can not overturn tne heaters 
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When the heaters burned out in the morning there was 
a dry area about 4 feet in diameter and a frost-free area 
:).bout S feet in diameter, around each heater. 

On the second night the heaters were set directly on 
the surface of the cranberry vines. The " soot arresters" 
were removed after the heaters 1ia.d been burning one 
hour, increasing the rate at  which fuel was consumed 
about three t,imes. After an hour of burning at  this 
rate, the dry area around the heaters was about 6 feet in 
diameter, and the frost-free area about 10 feet in dia.me- 
ter. An inverted cone, 3 feet in diameter, placed directly 
over one of the hent,ers, increased, the diameter of the dry 
area to 8 feet,, and the frost-free area to 13 feet. 

The vines in a very small area around the heaters were 
sc.orched when the heaters were set directly on the 
surface of the vines. There was no scorchin when the 
heaters were burned on the tri ods. The e B ectire rise 
in temperature at the surface o P the Fines, as shown by 
esposed thermometers laid direct.ly on the vines, averaged 

3.6' F. on the second night. The smaller rise was rob- 
ably due largely to the flame from the heaters r e i q  
closer to the ground. 

The average gain in temperature on the two nights, 
due to the use of the heaters, was 1.7' F. inside the 
instrument shelter, nnd 4' F. on the surface of the vines. 

The frost on the two nights of the test caused about 15 
per cent damage in the check plot. There was no damage 
in the plot equl ped with heaters. 

gallon in barrel lots. The cost of the oil burned was 96 
cents per acre per hour with the soot arresters in place, 
and 83 per acre per hour without them. 

The e s  eriments conducted by Messrs. Wells and 
Parker ingicate that it is practicable t.0 protect cran- 
berries froni frost dtimitge by the use of orchard heaters, 
at  a reasonable cost. I t  is believed that as good or better 
results can be secured in protecting ot!ier low-growing 
crops. using the same methods. 

The fuel oil YI urned in the heaters cost 6 cents per 

SAMPLINQ T H E  HIGHER ATMOSPHERE 

By W. J. HUYPHREYS 

It seems practically certain that the percenhges of 
the several gases of the atmosphere, escept wntcr vapor, 
are ver nearly constant froni the surface of t.he earth up 

layer of considerable convectional mixing. In  t ie strato- 
sphere, however, whero convection exists on1 feebly if 
at all, and each gas therefore is distributed su g stant,ially 
as it would be if it alone were present,, Obese percentages 
presumably vary with heiaht, those of the heavier con- 
stituents decreasing and tgose of the 1ight.er increasing. 

If this be the actual condition of the strat.oshere, as  

of the atmosphere at  ny level in t.his region readily 

tion below that point. Now, the average t.em ern.ture 

up to the height of at  least 30 kilometers, is well known, 
season by season, for many places. I n  the niidclle 
latitudes, for instance, the temperature of the air from 
the height of about 11 kilometers up as far as ex lored, 
30 t,o 35 kilometers, is around -55' C., va.ryina sk4itly 
with the seasons and with the weather in tyie rower 
atmosphere. What the t.emperatura, hence also the 
density, and even the composition, of the air is beyond 
the levels explored by the registering instlumen t.s carried 
by sounding balloons no one redly knows. This t4em- 
perahre may remain substantially constant t,o the limit 
of the atmosphere of measurable densitv. Many have 
msumed it to do so as the result of a fius of outgoing 
radiation, ractically invariable wit,h height. On the 

of the aurora, that the temperature of the very high 
atnios here, 100 kilometers, and up, above t,he surface, 
must f e more or less below that of melting nitrogen, or, 
say - 235' C.; and, furthermore, that the higher portions 
of the atmos here contain neither helium nor hydrogen, 
but consist o P nitrogen only, chiefly in the forni of crystals 
held up b their stmate of electrification. Findly, Linde- 
mann. an B Dobson 3 conclude from t.heir study of meteor 
data that the temperature of the out,er air, 40 t.0 50 
kilometers and beyond, is in the neighborhood of 30' 
C.-ti.opical heat. 

Here then was confusion which, t.hough theory might 
reatly reduce, only direct observnt,ions, perha s, could 

f to tlie %. ase of the stratosphere, that is, t.hrou hout. the 

seems highly probable, t,hen t,he coniposition an[ \ density 

could be computed if w Q knew the t.c?mperabure distribu- 

of the air at  every level, from t,he surface of t,ie F eart,h 

other hand I; egard I, a t  least, has argued froni his studies 

fully remove. This confusion remained as ba if as ever 

until near the niiddle of 1934, since when it has so greatly 
yielded as now to be iiiuch less pronounced and provoking. 

Free hydro en might, of course, be present in the lower 
ort,ions of t 7 le at,niosphere and not in its outermost 

Ewers, owing partly, at. least, to the presence of ozone, 
w h h  might osidize tlie liydrogen to water vapor, some- 
where in the upper air. kovever,  no similar argument 
ap lies to helium. 

RcLcnnan 3 has sliown that the green fluorescent lines 
of solid nitrogcn, roduced by electron bomba,rdment, 
do not coincide wit'{ aurora.1 lines, and in particular that, 
li t.118" nurord line. X 55'7'7.35. is not. so produced, con- 
trary to Vegard's original belief t,liat it  was. Furt.her- 
mort., McLennan and Shrum ' have shown that this line 
is proched by an electric discharae throu h a mixture 
of air ancl helium, or oxygen and haium, at K ow tem era- 
turc, also at  room temperature, ancl low pressure. IPence 
the assumptions t,hat there is helium in the upper levels 
of t$lie atmosphere, and t.hat the temperature of this 
region is above that of frozen nitrogen, are not only 
restored to reasonableness, but raised well nigh to cer- 
tain ties. 

The logic. of Lindemann and Dobson for a high temper- 
ature of t,he at,mosphere at  the 40 to 50 kilometer level 
and beyond, also has been questioned. A different line 
of att,ack from theirs by Sparrow5 of the problem of 
meteor luminescence seems to remove the apparent ne- 
cessity for any higher temperature in the outer reaches 
of the atmosphere than that measured hundreds of times 
and known t,o obtain at  every level from, say, 12 to 30 
kilometers. 

Perhaps, then, the other horn of our upper air dilemma 
also is removed. If so it  again would seem reasonable to 
assume that the outer air contains helium, and possibly 
hydrogen, and that its temperature in middle latitudes 
is around -55' C. 

But however reasonable these assum tions may he 

either t,he avera e tern erature or the composition of the 
air beyond leve f P  s reac ied by sounding balloons. This 
ignorance about, the state and condition of our atmo- 
sphere is reason enough why we should try to ascertain 

they are not known facts. We do not R -iow certainly 

1 Phil. Mag.. 46, p. 577, 1923. * Pruc. Roy. Soc. 4 1[Y, 411 1923. 103 3Y9. 1923. 
a Toronto nieetingdf tc; nritish 'Assdciation for the Advancement of Science: and 

6 Proc. Roy. Sor A. 108,501.1925. 
1 To be printed ig an early issue of the Astrophysical Journal. 

elsewhew. 


