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AECTHACT

investigations. Apparszat heights of the

Meusxred-tg thie radio echo reflestion hézuﬁh. The & 1t g
ranges from 130 to 700 km., the avardge inzcrausiag [ron 200 km in
Dezember, 1974 _ta 300 km in Merch, 931, After April 1 the rsceplilon
of eszhoes ki€ ive helights wcvé progressively uace errctin
entil Augus Otrerations ¢ during' & Zeni.tn aureral
digplay indi the maximum loq deusLny of the 1oqu.whcre may

=

be 100 km or more Lh'VL the pocition of meximum aurorsl orilliancy.
ignals fron distant statioas Jgr%ng an antive aurorel al:ﬂlkv l“%

at surorsl activity mey zive 2 swinging Doppler shift to tie

[ & signel. Lignel absorption was found Lo be much wmore

than naximua lon deaslty in the rezeption of high frequenczy sig'

This was found to be In agreement with the results of all attempts et

commer2ial use of freguencies bove 3000 ke. In Alaska.

Lonosphere lichoecs znd Magnuggg_giggur_ggées. A cerles of active
magnebic disturbances of 5h5 doys each during Jenuary, February, Merch
end April, obliterated nearly all echo signals. Another series of mild
one day disturbanses through April, Mey, June and July resulted in &
great increase in eflicziency ol signal reception especially during day-
light hours,

Specira of the 4Ar :bic Sky. upecbtru of the light of the twilight sky
showed the presense of radiztions in the yellow znd red different f{rom
scetbered sunlizhnt waich prohhbl» originzte in the upper atmosphers,

The rudiztion varied greabtly in ianteasity, und somewhat in character from
full deylight to complete night llght. It is of zpesial intersst because
it is of the same orlgln as the radlation from dark compznion stars
The short wave limit of vltra-vioiet spestre of the JuglL'ﬁt sky caried
with the altitude of the sun. ¢h¢lltg51v,_J bhe veristions indisated
that the thizkness of the ozone in the high wtmosphere skbove Falrbuaks
was pretty mush the sume ad that in temperute latltudes.

6

Aurora Observations of sctive and quiet auroral displuys indicaisd &
systemetlz rngvluritf in the dlspluyz such #s to suggest distingtly

&l L.s it S il .44_ 3 &t 51 (3 L'.-T.a o ?.C'
locel chaages in the property of the high atmosphere sbove Falrbaak
The displays favorac ,e:t&-h regioas of the sky for thelr appeuranae.
Z233 movements and aixing of eetive and ines :Lva pagses of Ltn;*p?:*;

were observed in neurly a1l of the displays Photogrupiks and drawlngs
of several displays ura reproduzed. 4 :ioae gorrzlatlion wus observed

between auroral ectiviby zad lozsl earth current aund megnable aativity.

?'4_9 Ketsopgraphs were sent up In frec zoundliag belloons und ssve
ucstessiul records of strutospherle temperatures and pressures were
obt& ined.

CLlh ire radiacion was observed with thermometers &t
ground luv.l. Thc preliminury zonclugion was that such a method in
addition to the staendurd prosedurs st the Weather Bureun statlons,
obtserva conditions in the polar strétosphere whizsh
s sac influence weather in temparaiure lcotltudes.

TIEY 0liCr 4 wey Lo
+
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ODUCTION

s The Badio Sectlon of the hkmeriean Ppluar Yeor Zxpeditlon wes
_@abll&hed at Falrbeuxs, Alasgka, from September 1972 Lo September 19313.
work actomplished is described la deteil in the followlug pages und
.tjprimurily #ith radio investlgations of the ionosphers, wlth
stromcopy of the arclbis sky sand with ourn“vptxon» of' tpe svrora, and
m slight extent with weather und conditionz in the gzratq;bhcﬁ,. in

jmon. with wosb expeditions diffisulties arose in adatplag the apparstus
the conditions which were encountered. Jertain of the resulis must
popegarded only ae o preliminary attack|on bhe problems cud of chiel
Jue in outllaning the directien of fugure progresg. hctually the
Pormation galned hus led to a continuanee of the 1onohpnc1~ and sky
tre investigation: under the directlon of Profes sor Fuller st the
ka School of Mines, Fairbanks.
I J‘T:" : =l
WUTHORLZATLON
' 2 secllay letr of Moy 5, 1922.
BCT
Fs Hedio investigation under the Second Internabional Palar Year
pedition, 1932-1933, at Fairbanke, Alasks.

ROHOSPIERS (NVESTLGATIONS.

4i&). Apperatus. The height of the lonosphere above [airbanks was
vinvestigated by meuns of the radio echo method of Ereit and Tuve. The
Sreceiver wus ilnstalled ot the Polar Ieur Radio Station aand the transmitter
Was.establiched gbout a mile away ut the U.S. Signal Corps Ceble Stetion.
“Phe Signal Corps offsred meterial ESSiau ance and cooperation in the

‘hark throughout bthe eatire year.

The receiver wes designed sccording to a suggestion of [r. G, H.
Kenrick. The received radio ezhoss were recorded on & mov ring photographia
S paper cubtomatically anﬁ continuously by means of a neon light zmctusted

. by the lﬂnal and focussed on the paper. A photograph of the neon light
smounting iz given in P*h,e 1, in which, a is & telescope burrel rotated
hy a synthrono 36 motor dj b 1s the neon light which is focussed by lens

& on the recording drua. Later the rotatin ng telescope was replused by &
rotabing mirror in order to avold commutator troubles. This permitied

the simultensous recordiag of the ionosphere heights by two reeeivers

- Working on different ;recueu,L 5. This arrangeament is ghown in the

S 8chiemutic drawing of the receiver of Plute 2.

The transmitter (for schemutic diagrum sce Plate 4) coasisted of a
P 150 watt erystal coatrolled transmltber tuned to 2050 kilocysles and
‘Bapmonics thereof. By means of = neon tube keying clrsuib, shown in
Plate 3 Eowhe omitted 60 times per cecoad.

[+
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y ‘& short 2
(b) Appareng | of the Ionosphere. 4 suamery of the
ionosphere height qn'ﬁ"remenJ work is given in Table 1 where column 2

- glves the number of days visual observations were made during the months
, of column 1, aolumn 2 is the number of days when at least one visual

-




surément wae made, column 4 is the number of hours of photogrephic

cord, and column 5 is the nuaber of bours chowing meusureble photographic
B ecords of echo deleys. Columns 6 and 7 are the pereents of photogrephic
I pecords obtained during the dey &nd night, respectively; columne 8. 9

B &hd 10 are thc low, average snd high apperent ionosphere helghte

. messured for the different ronths from the photogrephic recards. The

P measurements for August were taken from visual records.

_ Columns J and 5 of Table 1 show & grsdual deeresse in echo slgnels
" from March to August. The poor reception recorded for Februery is
. accidental. A magnetic storm which ie discussed later stopped &ll echoes
" for eight daye and since the station was in operation only twenty daye very
" few echo records were obtained for the month.

Columns 6 and 7 show that the loss in signal strength with the
approsch of summer is greater for the dey than for the night signalc.
Colums 8 end 9 show a gradusl increase in effective helghts from
December to April snd & decreazse from April to July.

Plste 5 shows some typical records of echo reflection. & made
pecember 11 shows unsteady signuls which were very typical of conditions
at Feirbenks. The time scele of these pictures ic 16.8 Km per mm. b
shows double reflections made simultaneously on the two frequencies
4100 kes. end 6150 kes. ¢ shows multiple reflections of a type which
were observed at severzl different times.

There were & number of items of the lonosphere mezsurerents of
interest which do not eppeer in the figures ofteble 1. On January 27
steudy signels were observed for several minutes at an apperent height
1970 k. The beights were checked by reception on two different
receivers with different sudio amplifiers and different neon light
recording circuits. The transmitter was immediatvely checked and wes
. feund to be transmitting & normal signal.

It is of intersst to note that these were the only strong steady
signals measured optically during the period January 20 to February 3.
During this time very unsteady echoes were recorded photographically
for ebout two hours Janmuery 22 znd again for ebout 6 hours January 26.

The apperent heights of 1970 km are not regerded as indicating
thet the raedio wave was reflected from & reglon 1970 km overhead.
It seems more conservaetive to believe that these are perhaps the
"longer short-time echoes" which hetve been observed by Taylor and
others in temperate latitudes. It has been suggested that these echoes
ere returned from the edge of the skip zone after esrrivul at the
surfece of the earth with one reflection from the ionosphere. Such
echoes are uncertzin and erratic in their uppecrence, end their
true origin cen not be szid to be completely understood at the present
time.



8 On one night during the perlod of poor reception of Janaury 20

February 3 redic signels from & crystel contrclled west coast

on were observed to be swinging in frequency. The frequensy

@ station wes about 7500 Ke and the swing which was qulte

ifc amounted to one or two kllocycles over g perlod of two or

‘geconds. There was an zctive guroral display which rozched

me distance south of the zenith at the time and it wee thought

@ swing In frequency was & Doppler effect caused bty cither ¢

dng medium In the path of the signal or & reflection of the signal

& moving surfacé. & motlon of forty kilometers per second

d have been sufficlent to cause the observed effect. Lotions

~ of greater velocity are quite common in pulalng auroral displeys

" znd the period of the puvlsation ig approximately the same os that
the frequency swing observed. Later observations during euroral

leys showed no such effect. However, it seems quite probsble that

je frequency change observed was a Doppler shift resulting from a

; idly chenging reflecting lsyer such es is indicuted by & In Flate

5, which is & record made during & mlld megnetie disturbance.

-

5 4 check wes made of echo reception during suroral displays &nd

it was found that ordinarily no echoes could be observed during a

& displey which was near the zenith. Jenuary 20 at 2:30 AM very faint

. echoes were obegerved visually at an effective height of 180 km while

" a good asurorel display crossed the zenith. These slignals were not

- photographed. Januery 30 at midnight strong echoes were observed

‘both optically and photographically at heights varying from 200 to

550 mm while there wes an fctlve curoral display across the zenith.

. April 2 irreguler echoes were observed visuslly st heights of 220

* &nd 390 km while there was an active auroral displey which did not

cross the zenith.

; These observations show that aurorazl displays result in high
_absorption of echo signal but are essoclated with great ruther then

smell effective heights. Apparently short wave signels penetrate

¢ the aurora displays to & reflecting density whlch may be & hundred

* kilometers or more sbove the most brilllant part of the displey.

Echo heights observed after April 1 generslly fall into two
different groups one of which show heights averaging well below

300 km and the other neerly 400 km. No echoes from the lower
group of heights were obteined during August. The lowest height of
130 km wus obtalned June 10 and wes the only "daylight" messurement
obteined during the month. It is interesting to note that this low
| height wus associated with & mild magnetic dlsturbence whlch is

digcussed in deteil later.

o, B ed Be

A listening progrem was plenned as & part of the lonosphere

! investigzatlon but stations listed by the internationszl committee for

* listening progrem transmission could not be heard. 411 attempts to

¢ establish a program of short wave communication with Point Barrow, 500
miles to the north, feiled. Attempts to communicate by chort waves
with local ameteurs friled. Pasific Alasks Alrways repeatedly found

. short weve communicatlion with redio equipped alirplenes impossible except
i when the transmission wes by & straight cptical peth. The Signal Corps

B .0 @
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operation of the irmy Cuble btations hed found short wave com-

Soation uncabisfactory north of the south coast of Aluska. The United
tes Forest Service has found that short wave equipment found
isfactory in the States was entirely unsatisfactory for Aleskan
ce although their operations have been confined to the southern
t. Commercial stations could elwsys be heard but their reception
g0 erratic the attempts to obtain a systematic record of their signal
3 wee 8 failure. Oignals recelved on an idcock direction finder

ed feding so persistent and universal that systemetic measurements of
ection were imprecticel.

. (¢) ILonosphere uchoes and Megnetic Ulsturbsnce. It wes found that

jve magnetic disturbances prevented the return of the radio echo signals.
s brought out by & comparison of the percentage of the time during

h echoes were received on magneticelly disturbed days, shown in

me 2 end 3 of Teble 2, and on days of magnetic calm, shown in columns

5. 1t is to be noted, as shown in column 4 of Table 1, that the

sographic recorder was nearly in continuous operation after the first

menths. Visunl cbservations were made at noon and midnight every

5y, with some additlonzl observetlions during morning and evening hours

h Wednesday visual observations were made every hour of the 2/ hours.

It is intcresting to note thut during the thirty-two days of an elght
recurrent disturbance which started Jsnuvary 23 to 30 and ended April 16
23, visual records of echoes were obtained on only four days. Two of

lese deys, Februsry 19 and March 18, were easch the first disturbed day

or the groups aznd the echoes may have been measured before the disturbance
gached the Fairbenks ionoccsphere. The signels mescsured on the other two days
oril 20 end 21 were observed only sbout € PM euch day zlthough nineteen
successful attempts at observations were made during the two day intervsl.

Some magnetic disturbances had quite & different effect on echo signals
om that shown by the eight day recurrent disturbance cited above. It is

. be noted that the disturbence of December 14 to 16 had very little effect
8ignal strength. 4 mild disturbuance was recorded at Mt. Wilson fipril G,
& 0.5 megnetic storm. It wae missed in Mey but reappesred June 8 and

uly 8. These disturbances were not reported by most stetions, but they

g asgociated by an Iincrease in the efficliency of echo signal receptlon
lieh is shown by Table 3. Column 1 gives the dates for the exceptionally

d echo receptions, columns 2 &and / the percent of time during which
leasurable photographic records were obteined during the slightly diszturbed
8 and the remainder of the month respectively. The effect of the dis-
Surbence on daylight reception which is tuken to be from 6 AM to 7 PM was
mlore pronounced than during the night. OColumns 3 and 5 were added to show
ithis difference.

J

] The groups of deys for Tuble 3 included &ll adjacent days showlng

lgood reception for the different months. The sixtecen day period imeluded
48% of the necsurable photogrephie records for the four months period and
2667 of the rccords obtzined between 6 AM snd 7 PK.

y The generszl conclusion from the bnosphere studies at Fairbanks was

that although an ective magnetic disturbance resulted in & hlgh absorption
for redio signale of @1l frequencles during the eatire day, a mild disturbsnce
itiay glve decreased absorption with & low effective height for the

Plonosphere. espesiclly during day-light hours.



RA OF THE ARCTIC SKY

% 5. (a) Spectra of the Visible Light cf the Sky. # glass spectrograph
Neonsisting of the Littrow gounting of two glass prisms £ inches high, one
£ 609 angle and one of 30" angle, was used to investigate the radistion
m the sky in the visible region of the speetrum. A Z inch f 4.5 glass
s wes employed in the Instrument. Spectra of the twilight sky were
ound to be quite different from the spectra of the daylight sky,

" glthough both Spectra possessed in common the known sbesorption lines of

B tle telluric atmosphere.

. A series of spectra obtained at Fairbanks early in August during &
- period of couldless sky and a very clear stmosphere are reproduced in
~ Plate 6; mountains 100 miles away were visible. The conditions under
. which the spectra were taken are glven in Table 4. From about § p.m. to
a.m. the sun was below the horizon end in the case of spectra 2 to 11
e spectrograph was pointed toward the twilight sky above the sun. For
. gpectra 1, 2, 11, 12 and 13 the spectrograph was pointed toward the zenlith.
. In the case of spectrum 13 the conditions were those of full deylight.
The two broad absorption lines or bands in the yellow, marked by a
&nd b, on spectrum 1, are visible on all of the twilight eky spectra
" 1 to 12, but do not appear on the full daylight sky spectrum 13. The
" broader abzorption lines, H, K, G, etc.., of the solar spectrum are visible
© on spectrum 13, but the dispersion of the spectrograph was too small to
- permit the sodium doublet at 5890 to 58964 to appear clearly.
P

s |

N On the twilight spectra 1 to 12, Plate 6, certain changes occurred
" during the night, namely, the zbsorption band b becomes gradually less
. prominent from 8 p.m. until about 12 midnight and from then until sunrise
it ineresses in prominence again.

d it is further to be noted thet the shorter wave-leng h portion of

" the spectrum from 5000 to 40004 is practlzally absent from the twilight
~ spectra 3 to 11, and is present strongly on the daylight spectra, even on
* such & weakly exposed spectrogram ar speotrum 13. '

, It is seen that the twilight sky spectrs were quite different from

. the full daylight sky spectra, aad therefore the foregoing facts lewnd

» foraibly to the concluslon that a large portion, or psrhaps all, of the
light of the twilighg sky. wader cloudless conditions, 1s not sunlight

. Scettered by the stmosphere. It is mainly fluorescent light emitted from
the high atmosphers, the fluorescence being stimulated by the short
Ultra-violet radlations of sunlight.

To test this conclusion the spectrograph was taken to the top of an
8000 foot mountain and in an sirplane to sbout 18000 feet. Spectra &t
these altltudes were in egreement with those teken at ground level.

This was further evidence that the twilight sky radlations are emitted
from very high levels of the sky. '

Recent experiments at this Laberatory yielded twilight sky spectra
wWhich were prectically the same as the day or solar epectra. It was
eoneluded that thiz wes due to the smoke and haze In the atmosphere, so
that the twilight sky radiation was almost entlirely sunlight scattered

7S



by the impurities of the atmosphere, the scattered light being intense
l{ﬂgﬁéugﬁ to conceal the fluorescent light from the high atriosphere.
"

™ -~

- The focts of the spectra of the twilight sky et Fairbenks ere in

» keeping with the idea that the twilight sky radiations were s=imilar in

& origin to radiation from dark comparion stars whiech has been of such grest
\ interest to &stromoner:s in recent years. Certain of the spectrum lines

" ggreed, within the error of identification, with those observed by

Slipher at the Lowell Observatory, Flegstaff, Arizona, in his spectrs

of the night sky.

(b) Spectrs of the Ultra-Violet Light of the Sky. To obtzin spectra
~ in the ultra-violet region of wave-lengthe a Littrow quartz spectrograph
L was used containing a 3 inch 60° quartz prism and &n £ 6.5 guartz lens.
A series of exposures were made Rorning, noon and evening each dey from
. Harch 8 to August 2€, 1933. On Wednesdeys exposures were made hourly
. ghroughout the daylight portion of the day. In Plate 7 is given the
. spectrograme of August 23, the line 3143 being marked on each plate.

The spectrum i1s the usual solar spectrum scattered by the sky, the ultra-
violet cut-off being due to the ozone in the high stmosphere. The deta
of the spectra of P.ate 7 are given in Table 5.

The spectra of Plate 7 show that the ultra-violet limit of the
. spectrum reached the shortest wave-length at the highest sltituGe of the
. sun and merches toward longer wave-lengths with decreasing altitude of
the sun. This is in qualitative sgreement with the fact that the wltra-
viclet limit of the solar spectrum is due to ozone in the high atmosphere.
& complete analysis of the entire series of spectrz, over 500 in number,
is contemplated.

The visible and ultra-violet spectrographs were left &t Fairbanks
in charge of Professor Fuller who plsnned to continue the spectrographic
. investigations.

INVESTIGATION OF THE AURORA BOREALIS

6. (&) The furora Displey. Throughout the year visual and photographic
observations were mede of the aurora znd notes and sketches were recorded
- of the different types of display and of the development, progress and
- decay of the luninosity. Nearly all displays started with a homogeneous
qulet zre which developed about 30° each of north and about 10° up from
- the horizon. In no case wes a displey seen which was initisted below the
- horizon. Almost invariably the displey moved upward in the sky, snd
hence toward the southwest. Generally us one displey moved up, snother
developed below or to the northeust of it. The arc form was approximately
& sectlon of &« circle of magnetic latitude, the arc toward the west being
usually curved to the northward of the megnetlc perallel. The particuler
pert of the sky which wes illuninated by the display at any ome instant
of time seemed to depend on some property of the atmosphere whlich waes much
| more persistent than the luminosity itself.

The zrc as it moved southwest or upward in the sky generally became
active. The activity seldom started before an altitude of 20° was reached
end it was very seldom that en are reached the zenith before its activity
developed. The first sign of activity was generally the appearance of

. R




reys shooting upward. These were of'ten followed by ¢ r&y which shot down-
' éﬁrd &nd then répldly sprecd sidewise under the arc into & curtain or

: apery. The velocity of spread of the curtein was sbout 2 to 20 miles
“Per 5-econd. The ey :hnoting 1:pwa:'d WEE Lnever Es anrtive. it g{}ner&]_]_y
did not shift its position on the erc, but sometimes moved with a

velocity of one to two miles per second. The rate of motion of the
inactive arc vp the sky was of the order of one mile per miavte, but this
motion was often greatly ineresced ss the &rc became cctive.

e Pictures 1, 2, 3, 4 &nd 5 of Plate 9, and pletures 16, 21 &nd 22 of
| Plate 10 were different types of sres. 1 was & seetion of & typical are
| yery slightly divided. 2 and 3 were patechy sections of en arc. 4 end 5
 were multiple arcs sonetimes formed by a division of the originel arc
&g suggested by 1 end 5, but more often the additional ercs developed
. within or behind the original arc and progressed outwerd to teke its

" place when 1t wae broken up by certain activity. 16 shows & remerkebly
& brilliant erc which had & curvature quite independent of the arc of

- magnetic latitude. 21 shows &n erc curved in by some peculisr feature

. of the aimosphere which evidently placed some 1imit on the part of the
 stmosphere which would become illuminated. The peeuliar feature of the
© atmosphere shown in 21 was often perzistent for meny hours, during which
tine the displey might brighten and diszppeer many times or might be
P moved outward toward the zenith without affecting the distribution of the
\specially cctive regions. lcture 22, Plate 10, was of & very brilliant
" and very uniform arec display. Pictures 25 to 30 are of &n exceptionally
I qulet erc which crossed the zenith. 25, 26, 27 and 28 show the arc to the
- southeast, 29 in the zenith, and 30 to the northwest. When the display
. was first observed the strietions were vertical as shown in 28. Later
they were distorted by & glow drift to the north of the portion next to
& the horizon. The fact that the fine strictions were distorted uniformly
is considered good evidence that the strlastions were outlines by peculisr
. properties of the ztmosphere and were distorted by mzse movements of the
. atwmosphere. 11, 12 and 13, Plate 9., were types often cszlled bands, but
. which mizht be more appropristely called distorted arcs. The remeining
pictures are of different forms of curtsain.

Plate 11 shows & sketch of & very reguler src which was disturbed
. at the lower boundry by z very reguler series of waves which ren under
. the src from east to west and then reversed and ran from west to east

with a velocity of ebout twenty miles per cecond. These waves did not
- disturb the upper pert of the displey or the second arc which cppecred lower,
but was probably a hundred miles or more back of the sctive are. Thls
displey seemed to be entirely different from the pulsating displsys to be
desceribed later.

Plate 12 shows & sketch of 2 wvery striking arc seen near the zenith

- (merked X). When this displey wes first observed it showed two uniform

. bunds vory sherply outlined snd extending from horizon to horizon @écross
the zenith. The south band very repidly developed the barred appearance
shown throughout its entire length. The display was very sharply outlined,
. very reguler, and quite inactive throughout its entire length.

The two displeys described above give strong evidence of & diatinetly
. loewl mecheniem for determining the nature of the displays.
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Y Ourteine generally developed from & quiet arc displey, but occasionally
spesred quite independent of any ere. Their luminosity was confined to a
;?.ﬁhﬁy gurfece at &all points approximetely parallel to the earth's magnetic

I field as shown In pictures 10, 14, and 15, Plate 9. Observed edgewise,

&t right angle to the earth's megnetic field, they have the appearance of
s, and observed nesr the zenith In the direction of the earth's magnetic
& field, they may show the peculiar perspective known us corona, as shown in

& Plate 13.

1E Plete 1> shows & sketch of the final appearance of s curtain which,

8 ghen first formed, reasched ell the way noross the sky from an altitude of
about 60°. It became violently agitated by transverse wives, the endc near

sh horizon begen to roll up es shown at the top of the sketch, znd the

le curtaln moved rapldly up toward the zenith (merked by & cross in the

tch). When the alsplay first occupled the position shown in the sketch,

rere was no luminosity in the region between the two sections of curtsain,

ut & luninous fllement appecred to the south and rapidly sprecd through the

dark space sepurating the curtain displays. During its progress the ncw

displey gave the appearance of being repelled by the curtain displey. The

| sketeh illustrates the rolling action of the curteins, the apperent repulsion

" of one part of the curtain by another part, and the development of &

. gecondery displsy which wes epperently repelled from the original displey.

Curteins occasionally beceme active wlithin themselves. 1In these cases
© they were generally striated. The striae appesred vertical, but were
¢ probably following the direction of the earth's magnetlic field. The
. strise often developed rapidly moving light and dark spaces similer to
| those seen in & vecuvnm tube. The movement was along the strisze. The
" sketches of Plates 14 and 15 illustrete the appesrance of the strize with
' their 1light end derk spaces and also the transverse waves, which gave the
. displsy the appeerance of & curtaln or fleg blown in & wind. These waves

ran along the curtain with & velocity of approximately 50 miles per
L second. Generally, the waving curtein, within & few seconds of the be-
. ginning of its activity, began to fold or to roll up and, within three
* or four seconds time, would disappear ecross the entire sky. The
. development of an active curtain generazlly dissipcted the arc from which
- 1t came, and the development of activity within & curtain alweys dissi-
. pated or broke up the curtain. Colors were not, at any time, seen in the
. auroral displeys except in the active curtzins. The strong appearance
- of light and dark spaces along the strise of & curtuin was generelly
¢ but not elways a fore-runner of color displey. when colors developed,
. red was slweys on the lower side and on the front of any activity such

4 & running wave or forming curtain. The sketch of Plate 15 was made to
. illustrate this. No color displey was seen which lasted as long as ten &
seconds.

33 gu

K et =% s =3

Plates 14 and 15 are sketches of a peculiar form of arc and curtain
which was persistent from 7 p.m. until 1 a.m., November 1. The whole
displey covered en angle of about 90° along the horizon. The section b
had the shape of the average arc, but the sections & &nd ¢ had the
appecrance of wind distortions in & non-homogeneous atmosphere. They
Were graduslly distortcd and lost thelr sharpness as the display grew
older. [During the night the displaey faded cut to complete invisibility
Beverzl times, only to reappesr with the original form. Thls type of
fading, which covered periods of many minutes and wes qulite irregulear,

_— i
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should not be confused with pulsaticns which are distinetly rhythmic
with periods of & few geconds at most. Dlstortions such as g and ¢
were quite comsmon in the wrc dlsplsys. They nsy bave &lmost any form,
but were seldom &5 reguler s the ones sketched.

Neurly every aurorsl displey beceme pulsating ¢t ome time during
its developnent. The typicel pulsation toock the form of waves of
increasing end decreacing brilllancy of display. Often an individual
wave could be seen ucross more than 90° of the eky, probubly over two
hundred mlles ip extent. It was gbout one hundred miles from one crest
of brilliency to the next. The veloecity of advence of these waves wes
about one hundred miles per second. The motion of these weves wac generally,
but not always, in the direction of the megnetic fleld. This type of displey
should not be confused with the weve forms shown in Plates 11, 1/ and 15,
which have the appezrance of mass motions in space, wheress the waves of the
pulsating surore are rhythmic chenges in luminosity which may repestedly
pass over sharply outlined displeys, such as are sketched in Plate 12 and
shown in photographs 24 to 30, Plete 10, without affecting the cutline of
the displey. The pulsations did not affect all parts of the visible displey
but only certain ones. OSome displeys were observed to pulsate for nearly
an hour without much change in the rythm,

A second form of pulsation often seen had very much the appearance of
seerchlight beams thuat were flashed on &and of{. These were felnt displeys
which peesed neer the zenlth end secmed to rudiate from a polnt below the
horizon. Light slong these beems spread scross the entire sky In less
than a second, probebly with & velocity grester than five hundred miles per
second.

The descrlptions glven ubove are for & typical display, and the
velocitles should be considered us only descriptive terns. Many displeys
were seen which approximcted the ones described qulte closely &nd others
ceemed to offer varlations of the types described rather than new types.

(b) Aurorsl snd Megnetic Activity. The suroral obeervations gave
strong evidence that the aversge usuroral display at Feirbanks followed a

local system of development. This was not lnvarlably the case, but applied
to ubout nine tenths of the dlsplays. The &low development and final
approach to & short perlod of lntense activity which terminated the display
suggested that the display wus activated by the storing up and release of
of energy supplied from some outside source, such as the chaglng magnetlc
field of the earth. Earth currents are known to exhiblt marked activity
during magnetic disturbance and therefore i1t was of interect to see whether
aurorcl activity wes correlated with megnetic esctivity as indicated by
earth current variations.

Many comparisons of the auroral records with the rapid earth current
recorder ¢t Fairbenks showed thut there was a close connection between the
two asctivities, there being no observable time delaey between the two
phenomene. A delcy of 30 minutes could have been detected. The conclusion
wee reached by comparing notebook records of the times of ocourrence of
deteile of the eurorel dlsplay with the curves of the earth current recorder.

It is belleved that a closer etudy of the time relatlons between
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gurorsl and magnetic astivity would be of velue. The time intervel of
sorreletion should be reduced below 1C seconds. To &chicve this the
éﬁroral observer should be provided with a magnetic instrument bty means

of which he could watch the changes in the earth's magnetic field at the
same time that he was viewing the surora. Such &n instrument might te
constructed of two crossed permalloy bars set perpendiculer to the

earth's nugnetic field, each carrylng & pickup coil, the oubput of which 1s
amplified by & vacuum tube amplifier to &ctuate the plutes of a cuthode

ray oscillogreph. The instrument would be satisfactory for the observatlon
of correletions between magnetic field activity and suroral displays end
also would indicate the nature od any correlation which might te found,
since &t uny instant the position of the cathode spot woulc be & direct
messure of the megnltude and direction of the deflecting vector in the
eerth's magnetic fleld.

(z) Note on the Height of the Aurora. Plans were made for simulta-
neous aurorsl photographe between Fairbenks, Point Barrow and lome, three
stations about 500 miles apart, in order to determine the height of the
gurora. The Signal Corps arranged very satisfactory communication between
the stetions ty means of long wave redio. Professor Fuller was in chorge
of the photographic work. Preliminary experiments yielded good auroral
photographs, but it turned out that no satisfactory heights could be
deternined from the pictures because of the difficulty in identifying the
suroral features of the pictures teken from the different stetions. To
obtain satisfactory results would require & more systematic series of
experiments with trained personnel than were posslble at the time.

Previous investigations of tke height of the zurorz have been made
from stztions not more than 40 miles spert, and the heights obtained have
been chiefly of the lower limits of the displays. Experiments from stations
500 miles apart would serve primarily to locate the upper limits and the
totel volume of the asuroral zetivity. If work of this kind Is contemplated,
it ic believed that the best results cdn be obtained by arranging the
camerzs at the different stations in fixed positions. The plctures made
at each statlon would then slways show the same part of the sky, which
would make the identification of displays more certain.

RADIO METEORGRAPHS

Ts In cooperation with the Weuther Bureuu arrangements were made
to send up redio meteorgraphs attached to free sounding balloons in order
to obtzin records of the pressures uand temperatures st high altitudec.
Successful records were obtained from seven flights, two in which German
meteorgraphs were used and [ive with Russian meteorgraphs. The records
were reteined by the Weather Buresu for analysis.

In view of the fact that the radio meteorgraphs as received were
unrelisble and had to be remodeled before they could be used, the following
description of the Russlian instrument and & suggested improved instrument
may be of velue in future work of this sort. The construction of the
Russian instrument, Molchinoff type, was satisfactory, but the design could
be improved. In the instrument the pressure and temperature records ware
trancmitted by keying discs &, Fig. 1, Plate 8, attached to shaft b which
wus driven by windmill ¢. Contact with the different diecs wus made by

= e =



means of the fingers [ and the moving szrms d and g, which werc actusted by
the pressure and temperature devices, respectively. £4 chopper g wes pleced
in the circuit for the purpose of identifying the signal. This was not
needed for an isolated stution like Fairbuanks and was removed from &l] of
the zete. The design placed five loose contacts in the radio circult, each
one of which was a source of trouble Contacts for the fingers had to be
adjusted very lightly because of the small energy available to drive shaft
b and the contacts of the moving arms d end e had to be mude light to avoid
ihg in the pressure &nd temperature measuremeants. Of course, the failure
of one of the contacts meant loss of the signal. As these sete were
recelved, the fans of windmill ¢ were too small and the shaft of the first
set quit turning at thirty-five thousand feet. Lurger and lighter fans were
~ substituted &nd this trouble was avoided for the other sets.

The eight sets sent up were heavy, weighing about four pounds, and
eloborate, meking them cost about eighty dollars. The tubes used required
four volts filament voltage. Tubes are now available which will give &s
good service with two velts on the filament. Figure 2, Plate &, shows &
simplified design of mechanism for the transmission of pressure snd
tempereture records. Windmill a drives gears b &and ¢. The axls of gl
carrles pcinters d and dj which are rotated on thelr axes by thermel and
pressure elements. The point of d is adjusted for & close approcch, but no
contact with urm £ on gear ¢ &s ¢ rotates. Notch g in base h is adjusted
for approximately the seme capacity change with a close approach of f &8
that given by d. Elements d, f, and g are connected to tune & simple
Hartley clircult radio set which consists of & single type 230 tube. The
shift in frequency with eech close approuzch of f to d or g will detune the
signel &t the recelver sufficlently to opertte a relay, and mark sn sutoratic
recelving tape whose uniform motion will give &n azccurate messure of the
time intervel between successive close upproaches. The relative times
between successive approeches to g and the included zpprocch to d will then
glve an acourate meusure of the temperature if the rotation of & is constant.
f11 of these operations sre completed with & very low friection drag for both
the recording element end the timing mechenism end without introducing a
poor contact into the radio cirenit. The whole set iz so extremely simple
that its cost should be relatively low, perheps less than ten dollars.

TEMPERATURE RADIATION FROM THE STRATOSPHERE

8. Preliminery observations with & heliometer and with ordinary
thermometers exposed to the sky geve abundant proof of the fact thet there
were cudden and radicel changes in the radistion received from the clear
sky. During cold weather there wes zlucst no wind et Fairbenks.
Occusionelly during the morning while the radistion from the sun wes in-
crecsing the temperatures, at ground level indicated by thermnometers exposed
to sky radiation, would be decreasing. Luring the night there was often
an ncrecse in  temperature when there were no winds and no clouds in the
tky. The observations indicsted thet during the winter the surfece tem-
pereture of the eurth was oftentimes entirely dependent on equilibrium with
the stratosphere radiztion.

Chenges in sky radiation at Feirbanke mey be assccicted with the
development of storms which move south. For example, the lowest tempersture,
about —609F, recorded in twensy years occurred while one of the worst
blizyards of the Gecade was developing slong the Pucifie cosst. Agein,
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early In April, 1923, the weather became exceptlonally warn. There were
no clouds or winds to explein the change. The high temperatures must have
been the result of exceptional sky rsdistion, which prevented night
cooling as & frost is often prevented by & blanket of clouds, except that
in this case the blenket was invisible in the clear sky. A pilot balloon,
£pril 12, showed &z strong east wind, eighty-five miles per hour, &t
elevations from ten to taenty-five thousend feet. On April 13 &n except-
ionally Intense barometris low developed tlong the Aleutisn Islends vwhich,
4pril 1/, divided and sturted & new stora center south down the Pacifin
coast. The exceptionally strong eust wind probably wus the result of
stratosphere conditions and was probably the result o « soutaward
movenent of air awuay from polar regions, cuused by the movement northwerd
of werm &ir at high altitudes into polar reglone.

it was concluded thut & better understanding of stretospherc
conditions end of the air clreulation in poler reglons might be of velue
in understending the development of weather In temperute regions.
Recording thermometers expoced to the sky redistion, end protected from
round level temperature effects, might yield important date in zddition
to the other ctandard equipment of the stations of the Weuther Bureau.




TABLE 1.

Observations of Effective Ionosphere Helghts.

Mezsurements of effective
lonoesphere height in kilo-
meters.

Aversge  High

PIOTOGRAPHLC
Percent of Measur-
Totel Measursble eble records.

Month  : Total Duys Records : Hours Records _  Day Night :Low
December 12 1 110 95 56 L4 160
January 30 21 390 84 54, 46 180
February 20 10 181 19 53 47 270
March 31 23 725 226 69 31 260
April 30 23 635 85 s 43 260
Mey 31 22 609 60 24 76 270
June 30 21 634, 46 11 89 130
July 31 14 728 33 18 82 230
August 24 5 524 00 0 o 370

(1) (2) (3) (4) (5) (6) (7) (8)

260
270
300
300
320
290
290
280

390

(9)

700
480
420
670
690
550
500
290

120

(10)



3 TABLE 2

P Percent of time showing measursble radio

echoes.
5 Listurbed Day Remainder of Month
. Period of Active  Photographic Visual Photographic Vieual Re-
. Magnetlic Record Record Record cord
Disturbsnce  _ : _ hours _days hours deys
December 14-16 70 100 96 100
Jenuary 23-30 0 0 31 96
February 19-26 0 12 2 £9
March 18-25 5.5 12 40 100
hpril 16-23 1.3 25 17 100
May 18-19 0 0 11 82
June 13-15 0 33 8 74

July 22-25 0 33 5 46




TABLE 2.

Percentege of time giving mecsurable
photographic recorde.

Period of Good Period Remainder of month
Good Reception Total  6iM to 7 PM Total 65M to 7 PM
April 8-12 L1% 607 7.1% 5.6%
ey 8-11 29 26 6l 1.8

June 6-10 22 9.2 3.9 0.7

July 7-8 13 12 4.0 14

Total 16 days 28 31 5.3 2.4




TABLE 4

Data of the Spectra of Plate 6.

Altitude of bun Time of Dey Time of Exposure

+3° 7:45 p.m. 30 sec.
Sunset 8 .0 sec.
~3° 10 4 min.
-59 11 5 min.
-8° 11:30 30 nmin.
-10° 1z 1 hour
-10° 1 a.m. 1 hour
-8° 2 1 hour
=55 2:30 5 min.
-3° 3 / min
Sunrise 4 40 sec.
430 5 L0 sec.

+15 g 5 sec.
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SCHEMATIC DlaGrRAamM
OF RECEIVING EQUIPMENT
USED IN MEASURING HEIGHT
OF HERVISIDE LAYER AT
FAIRBANKS, ALASKA.
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