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1 

!_er, 1 ~ •• .;;1•.: ~.iv~. th;_t.lm.!... A. l ~-!'~ •• t. !..:i.;l.:. of t,:. . 1.).:'! .ic!"~ ·,:;.•.: 
l"Qd.:.o ~:!"io r ..... f!.e :;~.::!n ... ~ ... u . :1 .. .:: ~i.;t .. :~:. t h1.:.:lc;;nt ... 

r· ::t_;,;:;- fr:i~ l 70 ~o 'IOQ l:1: ., t.he nVa.;!'' ·e ~n "re· .· :,1:; r1·, 1 --~O ;:m in 
Le :,.rib.:·· 19:, , 1

-.:'7 ir. :.:.:.r ·i1 1913. t.rtc:· lip<- l ·il :·-..:!c::it.~on 
ur ~~ho~ ~r ... Lt.\.: A ... · - ·~iv ... 1.e:~1 .. :,~ \ C'"d pro ·:·J~.,';j:.v -:· .~).:' "' .::-~.:. :. ... " 
··n:-.:1 ;,_;o·"·· t ?~ •• 19 1.,-,.,. Ot .. . - 7o• , > ..., .,..·r.. I' 20•1· . .......... , \.,;• W-. •a.t,J - ~ .,- T.J,.~. - •o .. .... . •• ,,I•• ,; • ....... .... 

ci~.:plii:: in:: ·10 :.-ad :.h:.r. t..Le ·naxL11ur1 ion tien"ic.v 1.11 ;;Lo.; i,~;1 if';,her~ mt.y 
be 100 km 0.· m01·...! :..lL\:,..,! c:.he po~iti.on of l!:1:;. •• lm~!'l nu.or1: tr:l Ji,,.n ::~, . 
s:i;nn.l~ :rvt1 ~-sr;'--nt ~t~t ~o!l~ tit.~!.nc ~n ccti'\~~ L~orcl 1:.2;"· y L!":~t?..""'1:ca 
~!!~t E;.U!"~~11 l '~~:iv~~y rr:r_~,. ,.iV'.!::... ~T,·in,.·n,. -'Opplc~ .:·hi f>J c.o · ... e i~c,--:t:c!1;y 
or l.. si.;nt.l . --.:.i::1t..l .-.bsorp~ion Wu~ f~unl to be rm·h 11or" ~1~1•Jr-f-;un :. 
t.han ,axi1,,~1 ~on Jc.1. l ':-/ in t.he r~-;cp:.i.::m of' hi•~. frc 1ucn::y f~cn~11::- . 
::'t,;.:: \7C.s toi;r.-1 t.o b~ ln a;:·eci::~'1t ·,,.i:.:1 :.he results of ull .u~t~""Pt~ ~t 
~o~rne, ~i&.l u::e of f:·e J ,,en .! Le;,- &tove _:~oo k~. .:.n hlc. b .. 

IonJ,U?,hcre B~oe::, t.nCI _!.~nut:•::_ l.iis t.1-rb:.n~e~· . A :::e-:.· i.c:- or r.~ t l ve 
ni-.. ~n~tl.~ di~.;t'r;,rbc...r,·"'~~ of ei:;ht G~:,·:; er: :fi .iu·:n:;; Jt_:_1'~ry, f~br...:.::.r-J· . l~ r:!h 
ui.J Apr·.il, obll.t.cJ'f,t.eJ ner.r:.~· &11 ed.o ri:,;nl.l,. Pno·b~:· L~ries of :nil,l 
one duy di::-tu:>b(.n~-s t:1:-ou6h _1-_pI·il, l/1[..:·, J:...r1c nnd JclJ re.:-ulted in,. 
6r~.:.t lncrct.se in cf'J..i~ic:i.::!~' o.:· cl,;nc.l rc·!8!1Cion csriecic..lly during u::.y-
1 ic;h t ho~n; . 

~e::i.,,~a.i _of tho fa ·tl~ fu. ,ipect.rl. of the li6ht of chc twil i 6nt sky 
sho;;cu t:.1e pr-csen'!,:: of n ,,JL:..tionG in t.:10 y81lo·,: w1cl red .J:fferent fro·n 
s.::c:.:.t.crc <l ::;unli~ot, wni-:h pr..;b:.ble or-i5 i.m.te in :,he upper &tL'l·).··phc:--e. 
l'be r'c.u ~[.:. ion vE.r i.c.J 6!"'3[.. i:,:_.l in ~!J t.~:1:.- l tJ , t. :1] ~o, -,~;,!tr. t in ~1u .. r.s. ~ t,~r i'rom 
full cinylic;ht to ,~omplete nl,:;;ht liiliC. _t, : ;:: of "'l'C'!i.'11 i11c.dr-e:c;t bc::Huse 
it h, of tile :sc..me orlc;i.n u.:-i tl1e ct.Jit.tion f'r·0171 Jc..rk -::ompc..nion .~tr.r:-:,. 
lt.e ~-iJur r, ,·;ave l im.:. t, 01· t;l t,1·h-v.:. o-L.~ ~ .~ pe~~1 .. ;.... u.· tte ~l-j-~ ~,:!1 t, .... ,~.Y ~:.~r icJ 
w.:.r..h !.,he ~lt:t,i;~c ~f ti1c .~1.,1s.. ~i;~lit,:. .. t, i.v-a:.: ~f:e v.:1·i·.ti.o:1~ :.n\ i. ·~at,~d 
tht. t c.he th i. ::kriH:'..-, of the OZOrlt! in Lr,<J Il i. t;h l, C.ifJ0f->l)i'te.!'<.; c, t0v) I'c...:. rL~ ..• ~::: 
we..:; µre t t~ mt. !ii :..'le .:,;_,.:e ~ •• , t~.[.;:, .:.r. tamlJe.·:... ;:,~ :;_l. t l r., ;,_:e;;. 

/1'.l.!.·o:·:... Ob;;~rvl..t.ion.· 0f i:..cc..:.v;; :...n.: ! .i.ct. «' 1·0 ·"°'l di..p .... t.yc -1.,..1,. ~".:,~J t.. 

;;yztenu*ti.:: rc~~ulc:riLJ in t..h~ u ~;=;p]Ly:- r~~r. t.:; to ;:;ti[;;o ,-t a : sti.n~:.l~· 
Joctl ~hr..:. .. 1:-;c:: ~n L!J ,~ prop~Y-~.l of Ght.: l· .. .:.0b c.t,no~phe.r .. 1.J t..Lo"t.rc }'~4.:...:·tc...G.}:~ . . 
The di;;plt..J3 f,_v:.; r-c I :::~_•tl.L~ re6 :,).\;., o!' t,r1~ ~.';.y fo::- :.:ie:.!'· a.r•1,cr...:-::...n~;. 
:.L: .... ffiJVC::.C:lt. [...r1i ~:xi;1i .... 1 t:~-:,;_v~ ~nu ~1.t...::.:..va :::...--.:. :,f ut,-v.~pl'"'.::_· ... 
-..0:·,J ob$erve l ::1 nct:.1'lJ F.11 of the J.:...-pl;~y2. Pho';r)_;r:..,}J:.'":-~ c.r.J ~.r&w.iuc::~ 
of .:-cve:-G <lL::-pl,.;;, t.re ra}JrJ,:u:::c.:i.. L ::lo:-,c cm·r-ele:.r.:.•1~ m,0 o b:-•~r·v~•l 
Ce":,W·::cn tt1J!" J~c...l t ·"! L ~ 1/: t,y .:_.. .. : 1~ ~t. l ~c: .. : tn ~u. .. :-1'e11 t t...: ..... r-:L.i;,13:, · ! l.. '! t,j_ v: :.J·. 

'.t'.:-... :0 t:~::,.30:c;_.~~t: w::;r~ .:...:11~ ~P i:1 fr:::0 ~o .11dl:1;::; 1:: .. lluJr:~· w1.L ,-"':!V.;:1 
;:=t~'..!~~~>~flll rc~orJ:::- JI' ~;tru t1:--p!'1erL ,"' tamp~rr ... L .. r.J;- ~4Dc.. pra2;-,·,~~:· u~re 
o'L tr, L:10d . 



1. fhe Radio Sc:! t.:.Gn _;l' Lhc Lile:.:. -~·.n PoJ.;.t• :i e~1· :=pc,l i. t.1011 wee 
e . t,..,blLlw,i [,t, Fc..:.rL&i.1..t:,;, .i-.ll,:::ka, fro ... 1 fcpt~mtel' 19]2 t,o ~eptei:lh~.:· 19'3L 
i'h~ ivor-J.: a.-:: ~01.1pl i.:-hed i.s t1ai=: 'r Lbccl in do t,r: i1 l:i. the 1.Jllcn, l;1t., pq;BB wH1 
ucnlt prlmurily wlth ru<lio Lnve~t.i6 .:..c,i.011.., 01 tlie t,)no:0 ;1l1er0, wiLh th-; 
!:pc::trv ,--; iop,,' or ti',e ar.::tl-:: :-}:y and ·;rith obscryut,irn· o~· : h ;:; :::t:1·ort.., and 
t.? ll slight. exte:lt n! :;t. W!::!,.ther- t:lld COil,'t~ti.ons in Lhc !:; '.:,:'~1t:>.;r l:e.:.·;; . lu 
.::o.l.!:ion i;;.:..th .... ::i,:t exp..,...:.~ticn~ cL ... i'i'.:..~ul!:.ie:- • ro~c in, J~ Lr~r,:; ::.he t..ppurt..v .. :0 

Lo :,he con.J:.r,ion.r ·.1L ~ "!~1 VlrJ.1·, .. ~ .. 1co1tr1~crcd . :!er tie in 01 ~h:~! r~;5-~1.:..:.....; !ll!....;:t 

te r~;t:Lr"Je- v!1ly c.:: c PT<?ll..!!i.1&cy ::..tu cl: on t,i.e probl-=l ;: t,.,d o r '.!h.;.ef 
v&J 11e in ou r..l i~inc; .tne J..:.re•'! t.lon o;· l'ut ire prop·cs~. , '.! t,,:ll l y th.., 
ini'orm.'...tion i;c.uied !lv.3 le,l t·.:> a 1011tinui.u :e of ti1e lono.~ph cwe ... n-1 sky 
speer.re. inve2tigL-c i ouc:. unJ1.;;r t.he u~ccr;.ion of ?rof..?::sor ft.L. ..LCr i.l.t the 
Al<.!.::k~ rchool of i.lincs. f& irbt.n.K.s. 

3 , &..dio investi6&t:.on tmuer t h e Scc,md Int..?rnc.d:,i.onal Polar Yet:..r 
Expcd.i.t.ion, 1932-1933, &t Fcirtc..nks, !,lo..3kt:.. 

1,\~~) . P.ppz.rt,tu::; . ·~he he ight o.f tbe :.onosphe::-e n.bo\'e f.ilrbn.nks wns 
investiga tett by :net.ns of the radio echo method of brcit. ancl l\ ... vc . Toe 
receiver W'uS ln3tclleJ l:t t.he Polar Yem· r..adio ~tat i.on ;:,nd tlie tr.::..r.~ml tter 
wu:, e s tablishe,:.l about a mUe avmy ttt the U.b . .:,lgn&l Corp,; C!:ble Stut i.on . 
The Si~nal Co::.·ps offered mf t~dal assistance and coopGrati.cn in thD 
,·:ork throughout the e11 ti:::·e yet:.r. 

The .re~3i vc:1' wc..s .:le3 .:.gned according to a :::ugg:::,=s tLon o f J:;1· . G. 1'.'. 
Kenrick. The r·ecelved. r w.llo e~>ioea wer e recorJed on c.. movl:1i{ photoe:::-e.ph i c 
paper auto:nhtically .:..~d continuous ly by mer,ns of ~ neon 1 :.i:;ht a ·:::tuated 
by the signal and focussed on the pa.per. A photogruph or the neon lLght 
!!!Oun.ting .i..s giv9n i n Plr.te 1, in whl~u, g_ is c.. telescope b[.~::·el rotc. t e u 
by a. s~.nchronous motor g_; Q ls the neon light whi:::h L~ fo·:::uf;sed by lens 
£. on the recordlnt:; Jru.i,. Later the rotl.t i.ng teles cope wn s r,3ph:~eli bs £. 

:::-oti.: tlnr; ml r:ror in orJer to i::.vo i.d commut& tor troubler, . :i:':-!l e permitted 
t.he sinrul tE:neaue ro !ordlng of the icno::;phere he l.gh ts by Lwo r czei ver..:i 
work i.ng on d :..rrcren t, f'req ueac.:.e:. . Th i.2 an·an,;c:':ie;1t, is ;bow:1 ln the 
scher.::...t.lc dr:iwin~ of ~he :::-£:~e.:..v~r of Plc:.e 2 . 

I'he tr&nsmittcr (fo::• 2chcm.t:.tic s.ii~gr~m ::;ce Plt.te !,) '.!on~;..s tcd or a 
l'iO ""'c.t, crysc.u.J. ~o~vrolle.i trt...ll.:.r::.itter tt.:ned t0 20'.;0 kiloi:='r~les f.nd 
hcr moni-::s thex·0of. 3:r :::ie&..1s of[. naoc. tube ke;,'L1B' .:::r-::i;:t, a:h:>r:n in 
Plu:,e 3, c.. :ho1. ... t .~!".i.arp dot, ?ir:.. ... 2 ,~ml~~etl 60 times per ::3co .. :d . 

( b 1 1,prn,.!'Q.lE, P..e.:..;:n ts of the Iono~e~. ;. ~.um.-,Lq of vhe 
.io:.osphc!'e hei~h t "rel, si.;rctr.en::, work is gi \·en :.!1 '.:.'c .. blc l r.hcr~ .:!ol u..rrm 2 
gi. vc.s the number cf ua-;y-;,,, visual observn t i.ons were me.de dur int; the mon t.hs 
of colUl!ln l , Joltt-:n 3 is r.he noober of d1..y::; wh~n at lee.st one visual 

[ _____________ _ 



:neasurer:ent wt.E made , coli mn I, 1- the nt"":lber of ho, ,r::i of phot.ogrq,lJic 
~ccoru , wid col uon 5 is the m.:.":lber of hot:r;J .::hoiline ,euGu.:.'c:.ble photogn .pb lc 
rccor<l:: of c,~ho del 8yr- .. Columns 6 &nd 7 are the pcr0cntr; of phot ogrq::h i.::: 
rc"ords obteined during the d~y l:.nd night, r espectively; col rnme 8~ 9 
end 10 a r e the low . ~vera6e t nd hif;h a pp~r cnt i onofphere heigh t s 
mei;.:-;ured for the ditTel' ent r.-on t.hs frora the pho t ogr£.i:hic re-::!ord~. Too 
rnec.si;remen t~' for a ugus t wer e tf.kcn f r om visual recorc.if. 

Columns 1 a nd 5 of r a ble 1 show t:. gr&dual decr ecrn l n echo sign&ls 
from Marcl1 t o August. Tbe poor reception recorded f or fcb.r-ucry ls 
accidenW, A magnet i c s torm whlcll is di .-cusscd l~ter stopped all echoes 
for eight ouys and s Lnce the station vms in operation only t v;enty day~ very 
few echo r ecords were ob tl:.ined for the month. 

Columns 6 and 7 show that the loss in slgnr.l ic;treneth wi th the 
&pproe.ch of summer i s gre&ter .for the dl..y thon for the nicht s i gnal ~ . 
Columns 8 and 9 show a gri.;.dual increuse in effective heights from 
December to April and a. decrease from April to July . 

Plate 5 shows some typical recordc of echo reflectlon. a IIUide 
Decerr,ber 11 Fhows uns te&dy sign~lE> which were -.:ery typical of- conditions 
at Fairbanks . The time scale of these pictures i s 16.8 Y..m per mo. ~ 
shows double reflections mi.de s lraul twieously on the two frec uencles 
4100 kcs . and 6150 kcs. Q. shows multiple reflec tions of a type wh.:.ch 
were obs erved ut seve.ral different times . 

There were a number of itemz of the ionos phere me~sur:err.ents of 
interest which do not c:.ppec.!' in the figure :=; oftc.ble 1. On January 27 
steudy slgnuls were obs erved for severE..l minutes at 6Il apparent height 
1970 kn: . The height~, were cheC!ked by reception on t;.o different 
receiv..:r s with different s uciio a ~npllflcl"s and different neon light 
recorJing cirt::ui ts. The trc.ns ml t tcr whs immec~iately ch~cked o.nd wa:.; 
found to be tran&mi tting a normal ::lgnal. 

It is of interest to note that tbes e were the only strong steady 
signal~ measv~ed optically during the period Januc.!-y 20 to February 3. 
During thls time very ULsteady echoes we1·e recorded photographlcal ly 
for r:.bout two hot.rs Janm.ry .22 £.nd z..gain for c.bout 6 hours Januz.ry 26 . 

The a.ppercnt beiehtr of 1970 km arc not regarded s.s lndlc:>,atlng 
th&t the rs.dio wi.ve was reflected from i:. regi on 1970 km overheod. 
It seems more conservative to believe that these are perhaps the 
11 longer short- time echoes" whl""h hl:..ve been observed by Taylor and 
others ln temperate latituues . It has bc~n suggested that tbese echoes 
are returned from the edge of the skip zone after s,rrlvul at the 
surface of the earth with one reflection from the ionosphere. Such 
echoes ure uncertain and erra tic ln their nppecruice, e.nd their 
true origin can not be said to be completely understood a t the present 
time. 
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On one night durir.g the perlo<i of poo!' rece,IJtion of Jom.1:ry 20 
to .February 'J r adio ~.!.ends from [1 cry::-tE:.l contrclled we. t cotrt 
swtlon were observed to bu swinglue in frc<:ucn<'y. The frequen~y 
of the ~tot.ion weE about 7500 Kc and U,e ~wine ,hich was t~u.:.tc 
rythnic wounted to one O!" two kllo~•cles over £: period of two o:­
three teconds • There \\'&E an :...c:ti ve t.uror&.1 disploy whi:-.11 rcc.;.,"hed 
f."Or.te diztance sot•th of the zenl t.h at. t.ho time and 1 t A!!S ...hough t 
the swing ln f:~quency vro.s a Doppler effect caused bj- either L 
.oovfog u.edl1.illl in Lbe pa th of tho signn.J. or c. reflect.ion of the signul 
from a mov~ng :: Jrf;:..ce. l motion of forty kilometers per ~.e~ond 
would have been s11ffic lent to ca~se i.',1e obi::erved effect. f.loticns 
of grcmtcr :7elocity are G\Jitc co@on in pul:--lng auroral dlsplcys 
encl the per.i.od of the pt:lsntlon ls app!'oximutcly the same as th£..t 
of the frequency swing observed. Later ob:::ervo tions during e.1.roral 
clitiplcys showed no such effect . However, it seems qu:.to prob&ble thut 
the frequency change obccrved was & Doppler ~hift rc~ultlng fro~ a 
rapldly changing reflecting layer .:.1,.;cb as is lndicutcd by n in Ple.te 
5, whl~h is a record mnde during n mila m~gnotic a:sturuan;e. 

A check wo.s i:.ade of echo reception during 6.t:roral displt.ys and 
it was found thnt ordinarily no echoes could be observed during a 
dlsplE..y \'ihlch v;c.s new- the zenith. January 20 a t 2:30 fJA very faint 
echoes were observed v1sually at an effective height of 180 km while 
o good auroral display crossed the zenl th. These signals \Vere not 
photographed. Ja.n~-y 30 at midnight 5trong echoes were observed 
both optically und photogrti.phically at heights vurylng from l,00 to 
5)0 mm while there wt.E: an Ecctive t,uror£.i.l display &cross the zenith. 
April 2 irregulur echoee were observed visually at heights of 220 
&nd 390 km while there was an active ncroral. d ispley whlch did not 
cross the zenith. 

lbcE:e observations show tho. t uuror;:..l displuyi:. re.:.,ul t ln high 
absorption of echo slgnal but a.re a.sfociated with crcat ri.ther then 
s~all effective heights. hppru-cnUy short ~ave sienw.s penetr&te 
the aurora displo.ys to u reflectlng densl ty whl ch mE:..y be 1;. htu.1dr·e<l 
kllometcr~ or ... ore libove the most brilliw1t purt of tl:.e Jifplc:y. 

Echo height.& observed after April l generally fEt.ll into two 
different groups one of which show heights a.ver&ging well below 
300 km and the othe:- nearly L.00 kn:. No echoes froc1 tl:.e lower 
group of heights were obtc,incd during Augt.~t. The lowest helbht of 
130 kl'! wt.S obt£J.ined June 10 and was the only "<luyliE;ht" r..&sw-ei::ent 
obtl.incd during the :,-onth. It i~ intercstin~ to note tl'1.bt. thl~ low 
height war essoci6ted with t1 mlld m&gnctlc dl~turbance wh'_ch is 
di~cu~sed in tlet.El.il luter . 

A lis tening p·oe;ro.m '1":C.S pl&nned b.S a p~rt cf the ionosphere 
investlgt..t.lon but Etations llsted by the intcrno.tlonc.1 cormiittcc for 
listening progrl:.r- transmission could not te 1,ee.rd. All attempts to 
cstl.iblish a progn:.m of short v:eve communication with Point Barrow, 500 
miler to the north, fc,.iled. Attc:ipt.s to coim:iunicc.te by chort r.uves 
nith lcc1.U runatcurs fLiled. Ph~ifi~ h l nsks Airways repeatedly fot.md 
short wave comr.unication with radio equipped airpl~nes lmposeible except 
when the transmission was by a straight cptical pr.th. '!be Signol Corps 
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in their 0pcrr.tion of the 1 rn:y C:.blc ,,t~tion., l,u.d fou.:.1J :.=r,ort \·11.:.ve co::-,-
un ict,tlon un:atir-factory north of the south coc..,t of ./1.lc..rkc... The United t t £,te::i Forest fcrvice has found thi:.t ::hort r.-uve eqi..ipmen t fou.'1d 

sati::;foctory in the Stutes wt~ entirely unsc,tisfuctory for Alc.sken 
~ervlce ul though their opero.tlon:o havt? l.Jeen confinect to the southern 
~o&st. Collll'lercie.l sti tions could alwrys be heard but thelr receptlon 
wcr no erratic the atte~pts to obtuin a systematic re~ord of their fign&l 
~t rength was a failt:re. Signals re eel ved on an ;.cicock d i rect ion finder 
showed fading so per~istent and univer::.al that systellll.tie melisurernents of 
direction were imprcctical. 

(c) Ionosphere ~choes and L!agnetic LJisturbo.nce. It was found that 
active magnetic disturt:ances prevented the return of the radio echo signals. 
This is brought out by a compurison of the percentage of the time during 
which echoes were received on magnetically disturbed days, shown in 
::!olumns 2 end 3 of Table 2, and on dnyf: of mL..gnctic calm, shown in colrn:ms 
4 and 5. It is to be noted, as shown in colunn /4 of Table l, that the 
photogra~ic recorder WhS nearly in continuous operation cfter the first 
tliree mcnths. Vif'.uul cbservatlonc were made at noon and midnight eveF;J 
dby, with some addltionr.1 observations during mornlne &nd evening hour~ 
u.ch Wednesday vlcual observL.tl.om: were ir.ade every hour of the 2/4 honrf. 

It is intcrestlng to note thHt during the thlrty-two dayE of i,n eight 
dcy recurrent dfaturbancc YJhich st&rted Janue:.ry 2J to 30 r..nd ended April 16 
t o 23, visual records of echoeE> were obtained on only four day~. Two of 
these days, P'ebruary 19 and Mnrcl::.18. were each the :first disturbed day 
for the groups &nd the echoe:o !!lay httve been meusured before the disturbance 
r eached the Feirbenki:: ionofphere. The ~igncls measured on the other t wo day~ 
April 20 und 21 were observed only ~bout 6 Phl e~ch u~y ~lthough nineteen 
llnsuccessful attempts at observ&tions wer-e mttde di.:ring the two day intervE>.l. 

Some magnetic disturbances had quite c different effect on echo signc.J.s 
f rom thr..t sho,.,n by the clght day recurrent disturb&nce cited above. I t i s 
to be noted that the disturbcnce of December 11. to 16 had very little effect 
on signal strength. ;, mild dlsturbhllcc was recorded at Ut. riilson 1,prll 9, 
as e. O. 5 magnetic storm. It wtts ~l:;:::;cd in May but reappeored June 8 and 
July 8. These disturb&nces were not reported by most st&~ions, but they 
were associated by an lncreDse in the efficiency of echo signal r-cceptlon 
wh ich ls shown by Table 3. Col U!Jln 1 gives the dates for the ex.(!eptionally 
good echo receptions, colul!lns 2 anu /, the percent of time during whlch 
mea~urable photogro.phic records were obtclned during the slightly disturbed 
duys and the renainder of the month respectively . Toe effect of the dis­
turbance on <l8ylight receptLon wh:~h ls tuken to be from 6 AM to 7 PM was 
!!lore pronounced than during the nlght. Column~ 3 and 5 were addeJ to show 
thi:: difference. 

The groups of deys for Tuble 3 included all s.djacent days showing 
good reception for the differcn t rwn ths. T'ne sixteen day period included 
/,8)i of the ;·,ec..surable p1otogrt.phl~ recorJ.s for the four months period and 
66; of the records obu:..ined between 6 AM t.nd 7 PM. 

The generc.;,1 concl,:sion fror. the bnospherc r,tudies at Fairbank~ was 
th~t although ~n ~ctive magnetlc dlsturbru1cc re~ulLed in L high absorption 
for r·ttlio sigmu~ of all freqt.cnc.:es during the entire dc..y, a mild disturbance 
~E..y give de~rea~ed ebsorption with~ low effective height for the 
i onosphere. espe~i~lly di..ring day-light ho~rs. 



~pECTRA OF THE ARCTIC L)KY 

i:;. (t;.) 0pectrr._QJ' the Visible Li,;ht cf the S!sz'. A glas~ spectrogrhph 
~on:::lsting of the Littrow ~ounting of two gh,::;,; priEIJ~ !. in~hes hlgh, one 
of 60° angle end one of 30 r.ngle, w&s used to inver,tigate the rauiction 
from the sky in the visible region of the spectrt.;!I!. A / i n~h f L,. 5 glo.ss 
lens was employed ln the ln.')trument . Spectra of t he twilight sky were 
founJ to be quite different from the spe:::tra. of the Jnylight sky, 
el tbot:t:;h both spectra possessed in common the known 8 b8crp t lon l ines of 
t.he tell uric a tmoEphere. 

A series of ::pedra obt.:;.ined at F'a.lrbanks early in Augu.s t during a 
per lo<l of couldless sky and a very cleur atmoEphere are reproduced in 
Plate 6; mountains 100 miles &way were visible. The conditions under 
which the spectra were taken are gl ven in Table /, . From about 9 p . .r.i, to 
3 11 .CJ. the sun was below the horizon E.nd in t,he case of spectra 3 to 11 
the spectrograph was pointed toward the twilight sky &bove t he sun. For 
spectra 1, 2, 11, 12 and 13 the spectrograph wus pointeJ toward the zenlth. 
In the case of spectrum 13 the conditions were those of full daylight. 

The two broad absorption lines or bands lo the yellow, marked by a 
and b, on spectrum 1, are visible on all of the twilight ~ky spe~trn 
1 to 12, but do not appear on the full daylight sky s pectrum lJ . The 
brollder absorption lines, H, K, G, etc. , of the ~olar spectrum are visible 
on spectrum 13, but the· dispersion of the spectrograph v.as too small to 
permit the sodium doublet a.t 5890 to 5896A to appear clearly. 

On the twlligh t spen tra. 1 to 12, Plate 6, cert o. in changes occurred 
<luring the night, namely, the c..bsorptlon band b becomes gradually less 
prominent from 8 p.m. until abot..t 12 midnight and from then until sunrise 
1 t increases in pL·ominence uga in . 

.it is further to be noted thct th~ short~r wr.ve-leng ,.h portion of 
the spe~t~·um frou; 5000 to L,.OOOl,. is pra.ctl.:!ally ab.=:en I:, fro;; the twilight 
spectra .3 to 11, uni~ i;-: p r esent strongly on t h e daylight c-pe~tru, even on 
such a weakly cxpo.s3J ., pectrogram 6.f- ~pcc-trw.n 13 . · 

It is seen that Uw twllle;ht sky spectra. were quite dtl'f,::runt i'rom 
the full daylight sky spectra., and therefore t.he foreeoiog facts lc:...d 
fo!':! ~bl~' ':,n t.he conclns ion that 1!-1~i:@.....£ort...i,.oB..i.. _Q.t:, ~!'h_fil2.S_ .~lJ,., _ g£_1,he 
U.eh!,_Qf .. ~e_.t,wilJ,elJ,:. nky. ll'lder cl0Gdles3 co~4.ltlon~1..~~~ JlQ.Lg_un})ght 
sc&ttcreu b..;,, thE; _t:.tmo!U}here . It is mainly fluorescent l i ght emitted from 
the high atmosphere , the fluorescence being stimulated by the short 
ultru-vlolet radls.tions of sunlight. 

To test. this conclusion the spectrograph was taken to the top of an 
8000 foot mountain and in an airplane to b.bout 18000 feet. Spectra at 
these al tl tw.le:, were in e.greement with those t aken at ground level. 
This was further evidence that the twilight sky rudlations are emitted 
from very high levels of the sky. 

Recent experimentE at this Laboratory yielded twilight sky spectra 
which were practically the sarae as the day or solar spec tra. It was 
concluded thut this was due to the smoke and ho.ze ln the atmosphere, so 
that the twilight sky radiation Wl..S almo::,t entirely ~unl lght scattered 
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by the i npuritier ol the atrro:;pherc, the s~attcred light baine i n :.ense 
enough t o conceal the flL:orc~ cent light .. rom the hit:h i, tr,o:: phere . 

The fl .. cts of the s pectre.. of' the twilight sky et fo l r bcriks r. r e in 
keeping wi tb the idea that the twil i i:;ht 5ky ndlc.1tions were ~lmilur in 
origin t.o r &dia t ion from dar k ~ornpa rio11 s t&r s whlr.h hB.s been of such gr eb t 
.:nteres t to astl'omoneN in r ecent yea r s. Certain of t h e r,pcctr11m lines 
c.greed, within the error of i denti fication, wi t h those observed by 
Sllpher n t the Lowell 0bael'Vt.t ory , FlE.;g::,t.£..f'f, Ar i zonc:.., in h i s r pe ctr& 
of the nleht sky. 

(b) Spectr~ of the_Ultra-Violet Light of tbe ~~- To ob t~in spec tra 
in the ultra-violet r eg1.on of wiwe-lengths fi L.:.ttrov1 quartz spectrogr oph 
wt.~ us ed containing a 3 inch 60° quartz prism and an f 6. 5 quar tz lens. 
A ser!e~ of expos ures were made morning, noon end evening each dey from 
Harch 8 to August 26 , 19JJ. On Wednesdc.ys expo.sures v,e1·e mcde r.01;rly 
tbroughou t. the daylight portion of the day. In Plo te 7 is gi ven t he 
spectrograms of August 23, the line 3ll3 being marked on each pl n t e . 
The spectrum is t:.he usual solar spectrum scattered by the sky, the ultra­
violet cut- off being due to the ozone in the high utmosphere. The d&tv. 
of the spectr& of P ... ate 7 are given ir. Table 5. 

The spectra of Plate 7 show that the ultra-violet limit of the 
spectrum reached the shortest .rave-length st the highe~t altit~Qe of the 
sun end !lll;.rcbes toward longer wave-lengths with decreas ing altitude of 
the sun. This ls in qualitative bgreement with the f&ct that the ultra­
violet limit of the solr.r spectrum is due to ozone in the h.igh atmosphere. 
A complete analysis of the entire series of spectre., over 500 in number , 
is contemplnted. 

The vlsible and ultra-violet spectrographs were left E..t Fairbanks 
in chnrge of Professor f 'uller who planned to continue the spectrographic 
investigations. 

HiV&:;TIG.bTION OF THE AURORA BOlllil,bJ;t 

6. (a) The Aurora Disple.y. Throughout the yeor visual and photogr aphic 
observations were me.de of the aurora and notes and sketches were recorded 
of the different types of dl~play and of the devel opflent , progreGs and 
decay of the luninosity. Nearly all displ~ys started wl th a homogeneous 
qulet arc r.hich developed about 30° e~ch of north und about 10° up from 
the horizon. In no case w&s a disple..y seen which was lnitiated bel ow t he 
horizon. Almost invuriably the displ ay moved upward in the sky , and 
hence t:.oward the t;ou thwest. Gcn erhlly us o.ae dlsplc.y moved up, another 
developed below or to the northellst of lt.. The arc form was approximately 
a section of f-, clrcle of magnetic h.ti tucte, the arc toward the wes t being 
usually curved t c the northwi,rd of the mn.gnetic parallel. The ps.rticul u­
pnrt of the sky which w&s illualnated by the dieplay tlt any one instant 
of time seemed to depend on some property of the atmosphere which Wu8 much 
more pers i s tent than tho J umlnosity itself. 

The arc ns lt moved southwei:; t or upw&rd in the sky genergn.y became 
active. The a.ctivlty seldom s tarted before an altitude of 20 was reached 
nnd it was very seldom that r:..n arc reached the zenith before its activi ty 
devel oped . The firs t s ign of activity \.US generully the e1.ppearance of 



ri:.yf ehooting t..:pm:r<l. These wen: often followed by ti rt:.y ',vh Leh 5r~ot tlown­
Wt.!·d and then rq,~uly oprcl!d sidewli:e under the o.rc into ,, c1...r-tv.ln or 
drcpery. The velocity of spreui of the curtf ln wl:.~.,. &bout 2 to 20 r1iles 
per ~econJ: . n:ie rr:.y ~h?otlng upw.:.rd was never E.S t:.rtivc. l~ generally 
.iid not ::h.d t .1. ts pos 1 t 10n on the E.rc. but sometimes 1·,oved w1 th a 
velodty of one to two miles per se,!ond. The rote of rnot, i on of the 
iour.tlve uz:-c up the sky Vias of the order of one nile p<3r minute, but this 
~otion wuf often gre~tly in~reCLed t$ the ~re become e ct i ve. 

Picturds 1, 2, J, /, and 5 of Pli:.u: 9, Wltl plcture s 16 . 21 £-md 22 of 
PlEite 10 \fere different types of r.rcs. 1 wo.£ a Ecction of a. typical urc 
very slighc.ly divided. 2 and 3 were pl:.tcby fectlons of au a re. 4 e.nd :i 
were rncl tiple arcs so:>:eti!::es i'ormeu by a til vi:c:ion of the originr:l arc 
E.t ;t:ggesteci. by 1 c.nd 5, but more o~ten tbc addi tlonn.l a::-cs developed 
within or behind the original arc and progressed outward to tu.kc ltri 
pl::..,~e V1hen .:.t was trokcn up by certc:.in activity. 16 shows a rem~rkc..bly 
bri.lliant ere which hli.d a curv1::.ture quite independent of the arc of 
magnetic latitude. 21 ~how£ E.n Lrc curved in by some peculiar fe1:J.ture 
of the utmosphere which evidently plei.ce<.l some l.:.mu on the IX,.rt of the 
at.~osphere which would become illuminated. The peculi...r feature of the 
[.tl'iospherc sho;m in 21 wa.u often pcr;.;i:otent for ffi<=<l'lY hours, during which 
tine the dlsplcy might b:-ighten and dist.:ppee:- :nany times or night be 
coved o~tvn:rd towr.:-d the zenith without affectlng the distribution of the 
specially c.ctive regions. Plctur-e 22, Plate 10, was of c. very brilllent 
und very uniform arc display . Pictures 25 to 30 are of en exceptionally 
qu.iet arc which crossed the zenith. 25 J 26, 27 and 28 show the arc to the 
southeast, 29 in the zenith: and 30 to the north~est. When the display 
.. ar. first observed the strietions were verti~b.l as shomi in 28. Later 
they were di~torted by a slow drift to the north of the portion next to 
the horlzon. The foct thut the fine f;tr .i.c.tions were distorted uniformly 
is consldercd good evidence that the stria.tlons were outlines by peculiar 
properties of the atmosphere end were distorted by mass movements of the 
at::iosphere . 11, 12 &nd 13, Plate 9, vzere types often cw.led bands, but 
which mii;ht be more appropr.i~tely culled distorted arcs. The reme.i.ning 
pictures are of different forms of curtc..i.n. 

Plate 11 show:s l.. sketch of a. very regular f~rc which wns disturbed 
at the lower bou11dry by e very regclar s eries of waves which rr..n under 
the &re from en.st to west und then reversed t>.nci ran from we:;t to east 
wlth a velocity of about twenty □iles pe r r.econd. These wuves did not 
disturb the upper ~rt of' the c.isplc.y or· the second arc whi~ t:.ppeared l ower , 
but \rat- probably a hundred miles or more back of the octive arc . Tul s 
display seemed to be entlrely different f rom t he pulsating displays t o be 
described later. 

Plate 12 cihow:.:: re. sketch of c.. very striking ar::: Geen nea:- the zenith 
(marked X). iihen tbiz displ!iy wus first observed lt showed two uniform 
bund2. v .:.ry shi:.rply outlined t.nd ex tending fro:n horizon to hor i:,:on r.cross 
the zenl th . I'he sol, th band very rs.pidly devel oped the barred appeE,rance 
shown thro4ghout i t.s entire length. The disple.y was very sharply 011tlined, 
very regulw-, end quite ine.ctive throughout lts entire length. 

The two displeys described hbove give strong evidence of a distinctly 
local mechanl~m for determlnlne the nature of the displays. 
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CurU.in.c gencn.lly develoµc..:: frou, r. quiet crc JlsplE..y, but oc~f t,iom:.lly 
appc~~ed quite independent of any arc. Their lwninosity Wus confited t~ a 
w;.;.vy rurfs.ce at all points 1;.pproxime.tely parallel to the e&rth's magnetic 
field as shown in pictures 10, l!,, and 15, Plate 9. Obse:·ved edgewlrc, 

6 t right angle to the e~rth ' s mc.gnetic f ield, they hiwc the uppel.i:wice of 
rays. anJ observed neur the zenith in the direction of the earth' f magmitir. 
field, t,hey r1t:.y $hO\V the pecul it.r vcrspec ti ve known .,s corona., n s f:bown in 

Plute 13-

Plc.te 13 shows c:. s ketch of' the flnul t:.ppcnrr,.nce of r c urtain which, 
when first formc<l, rett ched ull tr,e W'c-,> ·, r o5 s tbe sky f r o::, fill i:.l ti tude of 
about 60°. It bec::.me vlolcntly ugi t«tccl bJ transverse wLves , the endG near 
ea~h horizon beg~n to roll up as sho~~ ut the top of the sketch. fill<l the 
whole curtain moved ro.piuly up to\mrd the zenith (r.,1;.rked by l:! cross in the 
fketcb). ~ben the a ispl&y first occup!ed the ponltlon sr.own in the sketch, 
there was no 1 wnino~ i ty in the region be tween the two sect ions of cur tu in, 
bi, t, a 1 u□ inorn, f ili men t a.ppeE-re:d to the ~outh and rapidly r.preul through the 
<l~rk spr.ce sepuri,ting the curtain dLspluys . During its progress the ~cw 
displey gave the uppearanr:e of teing repelled by the c1.,rtt>.ln diq:lay. l'he 
f.ketch illustr&tes the rolling action of the cu.rte.in!:!, the apparent repulsion 
of one part or the curthln by a.no ther pc...r t, and the develop:1en t of e 
secondsry displRy which was epperently repelled from the original display . \ 

Curtl-ins occl!.Piom .. lly bec~e active w.:thin then;:;elves. In the::ie cases 
they were generb.lly etrib.ted. The strlae a.ppee:.red vertical, but were 
probably following the direction of the earth's magnetic field. The 
striae o:·ten developed rapidly moving light and dc..rk spnccs sir..llt.r to 
those $een in a vacuum tube. The movement vro.s along the f.t1·iao. The 
sketcbe5 of Plater 14 &nd 15 illustrcte the appecrcillce of the striE:.e wlth 
their llgbt l:.Dd dark spaces and al~o the trwsverse waves, whlch gave the 
display the appee.rance of u curtain or flsg tlmm in a wind. These waves 
ran a.long the Ct;.rtain with a velocity of approxlmately 50 miles per 
second. Generally, the waving curtain, within a few seconds of the be­
glnnlng of its activity, began to fold or to roll ~pend, within th~ee 
or four seconds time, would di&appear across the entire sky. The 
development of an actlve curtain generally dissipc.ted the arr! from which 
it came, &nd the development or activity within a curtain always dissi­
pated or broke up tJ,e curtain. Colors were not, &t any time, seen in the 
auroral displ~ys except in the active curtains. The strong appearance 
of light and dark op&ces along the e:triue of a curtuin v,&s generclly 
but not always a fore-runner of color displ~y. 11hcn color·s developed, 
red was &l.wcys on the lower side and on the front of any activlty such 
us e rt:nning wave or for-ming ~urtain. l'hc sketch of PlE.te 15 wns made to 
illustrate this. No color disph,.y was seen whic:-.h lc...sted as long as ten s 
socondf'l. 

Plates 14 and 15 arc sketches of a peculiar form of urc and curtain 
which was persistent from 7 p. rr:. until 1 a .r::., Novcmbe!" 1. '!'he whole 
dlspl~y covered en angle of about 90° along the horizon. The section b 
had the shape of the averc:.ge arc, but the sections ~ tJ1d .£ had the 
appe£r&1,ce of wind di$tortions 1n u non-homogeneous atmobphere . l'hey 
r.erc gr~duully distort~d snd lost their fhurpnesr as the display grew 
older. During the night the di5play f aded out to coTGplete invisibility 
feveri::.l times, only to reappcbr wl th the orit:;inal form. l'hls type of 
fu<l lng, wh!.ch covered periods of 100ny c:inutes and wi::.s qu.:. te lrregule..:-) 
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::;hould not be ~onfuse:l wl th pulsntic.ns 
IYlth pcriodG of a f e\l socond~ c.t rnowt . 
were qt:l te cor... ,on in the urc dl spleys . 
but were ~elo.or.1 £;5 r egull.r E:.s the one f 

wh..:.ch &re distl nctly rhy t.br.iic 
Dl~tortic .c-u . 1 ns a ruul c 
The~· r:.c..y h ~~vi;;: Ealmo->t-c.ny f;;r:a 1 

sketche l . 

Neu!"ly eve ry e urorsl displey become pcl.sat ,ni:; l t ,.:o '-' ti;::c dur ing 
ltr. uevclopnent. The typical pulsation t ook U • f or·" of w~ve.s of 
lncrcEir.ln~ e.nd decreu::i lng brillinnc7 of displs;. Oft, . .m .:n indi v i uunl 
wuvc coull.:. be r..een ucros s more tha n 90° of the ·kr , prol.i1.:lily ove r two 
hundred miles in extent . It wav about one hun, 1 ,:,J. r,.:.l e~ from on cre::t 
of brilliency to tl'le next. The velocity of ndva. ~c of t.hcE.e wav.:; we.s 
about one hundred miles per second. The ir.otion of the:=-;e r.r:.ves \Wt generally, 
but not always, in the direction of the mc~-nctlc field. Th.is type of displE-y 
should not be confused wl th tbe wave forms shown in Pl ... tcf 11. lL, und 1 5. 
which hbve the oppeu-ance of ma:is motions in apoce wh1:.r eas the v.ave~ of the . h , pulE&ting eurora are r ythmic changes in lumino"ity ~hlcn r:,;;,.y repcttedly 
pass over sbc.rply outlined displc.ys, such as &re sketched ln Plate 12 and 
shown in photogr&phs 24 to 30, Plc.te 10, without affecting the outline of 
the di~pley. The pulsations did not affect all pnrts ot the visible dlsplLy 
but only cerUiin ones. Some dirpleys were ob$erved to pulsate for nc~rly 
o.n hour wt thou t much chEange in the ry thm. 

A second form of p~lF>c. tton often seen had vory mt:.ch tbe t.ppeo.runco of 
~earchllght beanR tbLt ~ere fla~hed on &nu off. These were ftint displ~ys 
which pns~ed nesr tho zenith c.nd seumed to r~diate from u point below the 
horizon. Light ~long these beams spread ncros~ the entire sky in less 
than a second, probe.bly with & velocity g1·eoter then fivo hundred t11les per 
second. 

The descrlptlona glven ubove a1·e for e. typfonl dl.sple.y, and the 
velocltles should be considerctl ti.s only dc;;crl1,tlve tcmf\. t.hny displt.ys 
wore seen wLlch &pproxil!l'1tcd the ones detcrlbcd quite closely Lnd others 
&eemed to offer varlationa of the types described rather than new types. 

(b) Auroraj and Y.agnetic Activity. The eurorttl observe.ttons gnve 
ctrong evldence that the nver&ce ~urorcJ. dieploy nt F&irbonk~ followed a 
local system of development. Thif. was not lnvu1·lc.bly tho case, but applied 
to t1bout nine tenths of the dlepl.ays. The slow developoent and final 
approach to n short porlod of lntonse actlvlty which termlco.ted the display 
suggested t.bat the display ffl.13 b.Ctivated by tho Gtorlng up end release of 
of energy supplied from some outside source, ouch as the chnging magnetic 
field of the eo.rt.h. Earth currents are known to ox.hlbl.t mb.rked activ!ty 
during mr.,.gnetlc dlsturbt.nce and therefore lt was of t.utore.:t to see vmetber 
aurorr.J. activity w~s correlated with nL.gnetic e.ctivicy au indicated by 
eh?'tb current variations. 

Many compurlsons of t.he aurorol records with the rap1u enrth current 
recorder Lt fairb6nks 3honed Uu .. t there was a close connection betnoen the 
two activitle~, there being no observuble ti.Jtc doley between the two 
phonomena. A delc.y of 30 minut.eo cou.ld ho.ve boen detocted. The conclusion 
was reached by comparing notebook record oft.ho tlrnca of occurrence of 
detuils of the auroral dloplay with tho curves of tho earth current recorder. 

It 19 bolleved that, a cloeor study of the time re1Cltlon5 betwoen 
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at:.rorcl and l!U:ignetic u.~tivlty wo uld Le of value . Tiie time intcrv.::l of 
correl~tion zhould be reduced below J.C f'e~onJ::;. To i:.. :-h i.cve th_;_ f tr.0 
£:.uror1,;.l ob~erver ,.hould be p.rovldecl y, ~th ti. m&gne t ic im;trunent ty means 
of which he could watch the change~ in the eartb I s rnugnetlc field at the 
bw'le t,ime tha':. he wa~ vier1lng the c tirora. St.r-h &n i ns tr1...rr.cr1t might te 
cons tructeu of t·.'lo crossed per!:w.lloy bl.rs set pcrpenJ icule.r to the 
earth'~ n,agnetic field, ea..,h cD.rrylnc; u pi~kup coil, tbe 01,;t,p.._, t of wh:.ch i:o 
&r.iplifieJ by a. vc.cuc:rr. tube umpllfier to i.ctuu te the pfo t es of a ct. triode 
ray osclllogrc..ph. l'he inst1·u.---:cnt ,mule. be sati;:;fl,.ctory for the observation 
of corrclationB between magnetic fi cld activity &nJ c:1,1·orLl dlsplDy::, c.:.nd 
ulso would lndicute the nr.ture od ~ correlotion v1hi ·::h might te fou.'1d, 
since et uny instunt the position of the cuthode opot woulc be a dlre~t 
mec.sure of the l!'.e.gnitude ~nd direction of tha deflecti.ng vecto1· in the 
ec.rtb I s roc.gneti~ field. 

(c) Note on the Height of the Aurora. Pluns were mo.de for ::imult&­
ncous aurortl photographs between Fnirbank~, Point Barrow and Nome, ttree 
~t&tions about 500 miles apart, in order to deteri.:tir.e the hei gh t of the 
aurora. The Signul Corps arranged very satisf&ctory cor.imun:.catlon between 
the ste.tloni:; by means of long wave re.dio. Professor Fuller wus in chlrge 
of the photographic v10rk. Prelimlnl.ry experiments yielded good auroral 
photographs, but it turned out th,it no satisfi-:,.ctory heigh ts could be 
determined from the pictures becaw;e of the difficulty in ldentifyine the 
auroral features of the pictures taken from the different st~tions. To 
obtain satisfactory result::: woulJ require n more systematic series of 
experimentr with trained perEonnel than were possible at the tlme. 

Previous invest.lgutiom, of tl:e height of the eurora hnve been mede 
fro~ st~tions not more thnn /40 ~iles Epcrt, and t he heights obtained have 
been chiefl y of the lower 11ml ts of the c.U:::.plays. .Experiments from stations 
500 miles c.pr,rt would serve primarily to locutc the upper limitfl and the 
totsl volume of the euroral t..ct,ivity. -If work of' this kind :.s contemplated, 
it ls believed that the best results can te obtuincd by arranglng the 
cruneras at the different sU.tions in fixed positions . The pictures m&de 
at each station would then al~ays show the snI!le part of the sky, which 
would m&ke the identification of displ~ys more ccrtuin. 

RADIO lfr:TEORGMPHS 

7 . In coopera tlon wi th the Vleit ther Bureuu arr,, .. ngemen t s were made 
to F-end up rt.dio meteorgraphs attached to f ree sounding balloons in order 
to obtain records of the presEu.res i.nd tenperE:tures at high altitudei.;. 
Successful records were obtc1.ined from s even flights, two in wb.:.ch German 
mct eorgraphs were used cmd five with Russian meteorgraphs. The records 
were r etc..!.ned by the Weather Bureau for an.J:;.ysls. 

In view of the fact that the radio rneteorgrapbs as received were 
unreliable and had to be remodeled before they could be used, the folloiVlng 
des er iption of the Rus :; lan instrument !iild a suggested improved instrument 
may be of vclt:.e in future work of thiE sort. The comitruction of the 
Russian instrument, Molchinoff type, was s&tisfactory, but the design could 
be il:lproved. In the instrument the pre~su.re and temperature re~ords were 
transnitted by keying dlecs ~, Fig. 1, l'lute 8, atwched to shcft Q which 
wtt.s driven by windmill £· Contt.ct with the different discs wus made by 
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mcL.nS of the fingers £ and the movlr.g ~rm;;; g_ l:i.nd Q, \'\'hl~h were actu<!tccJ by 
the pressure antl twperature devlces, respectively. A chopper g wr.s pl~ced 
in the circuit f'or the purpose of identifyine the signal. Thl£ ~ms not 
needed for an isolated stution like Fairbunks and was removed from &l] of 
the sets. The design placed five loose contacts in the radio circuit, eoch 
one of which was a source of trouble Contacts for the fingers had to be 
udj usted very lightly be cu use of t.he small energy a.vailnble to dr l vc she.ft 
b and the contacts of the moving arms d end e hud to be cm.de llght to avoid 
lug ln tbe pressure &nd temper&.ture me;;si,rer.ieut~. Of course, the fall urc 
of one of the contacts me&nt loss of tho slgnal . As thesf' s ets were 
re eel ved, the fans of windmill c were too small und the shaft o f the first 
.r.et quit turnine at thirty-flve-thorn;and feet. Larger b..Jld lighter fans were 
substituted and thiE trouble wus avoided fer the other set~. 

The eight sets sent up were heavy, weigh~ng ubo~t four pounds, and 
clc.borc.te, mE.king the;r, cost about eighty dollars. 'lne t ubes u:;ed reqt...!.red 
fot..r volts filam~nt voltage. Tubes arc now a.Vt>llable which will give as 
good servlce with t wo vclts on the filu~cnt. Figure 2, Plate 8, ~how~ e 
simpl.:.!':.ed design of mech.::..n 1:-;m for· the trunsmission of preisurc 1..nd 
tempcn. ture rccordf,. Windmill £ dr i. ves gears b and c. The t:1xls of c 
carrles pclnters g und ~ which ure rotated on-their-c.xes by thermi.1- and 
pressure element~. The point of g_ is adjt..sted for a close cpprot:.ch, but no 
contai::t wl th t:.rm £. on gear Q. &.s Q. rotate:: . Notch g_ in base h_ ls udj1;_sted 
for approximately the st-.me CcipC.ci ty ch&.nge wl tl. a clo~-;e approt:.;ch of f. f..S 

thbt given by g_. Elements £, [, cmd g are connected to tune u simple 
HarUey circu:t radio set whlch consists of~ single type 230 tube. The 
shift in froqt:.cncy with ee..~h clcr,e &pproe.ch of £ t.o g_ or g_ w.!.11 detune the 
5ignal i.t the receiver suff.iclently to open..te v relay! and roc.rk mi m.:torr:atic 
receiving tape whose uniform motion will give an accurate mea~ure of the 
time intcrve,l between succe~s i ve clo;;e uppI•ofiches. The relative t imes 
between successive r:.pproi:;ches to g_ anti. the included apJ>rocch to g wlll then 
glvc an accurate meast1re of the t emperE.. t ure if the rotti.tlon of ~ ii, constant. 
1.11 of theGe op8ratlons are co_".lpleted with a very low :!'rlctlon drug for both 
the recording element e.nd the timing meclli:.nis::i ia.nd without introduc.ing n 
poor contact into the radio cir~11i t. The ,,bole set is so extremely simple 
thot lts cost should be rel atively low, perh~p0 less than ten dollur~. 

TEMPERJ..TUH.E RADIATION FROM THE 8TRAT0:3PH.IBE 

8. Prellmim.:.ry obse:rvutions with a hellome ter and with ordinary 
thermo:netcr$ exposed to the sky gave abund:mt proof o f U1e foct thE.t there 
r1erc sudden and radical clrn.ngez l n t.he rL.dlci tl.on received f rom the clecr 
sky. During cold weather tbe::--e wE.s almost no wind a t Fc.lrbank;;. 
Occ~~ionc.lly durlng tbe morning while the r::.dlb.tion from the sun wi;.s Ln­
crecsing the tempera t-urer:., · at ground level indicu ted by theri:i.ometers exposed 
to i.:ky r-c,dic ... tion, would be decreasing. Dt..r..'..ng the night there was often 
an .:.ncret.se in t 3mperuture when there were no wlnds and no clouds in the 
sky. The ob::.e::·vati on::; indicated that durir.g the vrinter the mu·fe.ce tem­
pen.ture of the et;rtb ,vas oftentimes entirel y clependcnt on equllibrlulll wlth 
the stratosphere radiation. 

Changes in sky radiu tlon at .r'nl rlmnks rr.E.y be nssocil. ted with the 
development of stor·ns whlch move south . For example. the lowest tcmpereti.:rc, 
aboiit -6QOf, recorded in twen:,y years occurred while one of the worst 
bllzl(,srds of the oecade w&.s developine a.long the Puc ific coast. i;.gE. in, 
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ec..rly ln April, J9JJ, the weather be-::c1/lie ex~ert.:on&lly wt.=.:.. rt-.ere \\ere 
no cloud;-; o.r win<.l~ to explLin the chunge. The hlt;h te1tper1:1tu.r·e~ murit have 
been the ref.ult of exccptlonnl sky r&cll&tion , r.hich prevented nlght 
cooling as ti frost is often prevcn tcd. by a blanket of cloud:; , except thH t 
in thlr. cn~c the bh.nkot was invfolble ln the clear f:ky. A pilot balloon, 
Lpril 12, sbowod ~ .. trong eus t wioJ, cighty-f lve mild~ per hour-, c,t 
elevations from ten to t 1,cn:y-.five tbou~Wld feet. On April l '3 1;.n cxc-cpt­
lonully intense barometric low developed t:.lon6 the Aleutian islcn(i.3 whi~h, 
f.pri.l H, divtdeu t.nd ~tt,rt~J e new stor.n center r outh Jown the Pe~lflo 
coo:,;t. The cx.cept.ionlllly stron6 ~.,:it. ,tlnu probably wus the res clt. of 
stratosphere oondi.tions nnd was prooobly tbe re~ul t o:'' 1:. soutownrd 
novcnent of ulr e.w1J.y fro,i polar regions, cc used by t he movement northul'rcl 
or u ,m l-ir at high ltltltude::: lnto polar reglom·. 

lt wus conc1L1ded thttt "' batter un..:ers ti.nding ot ~trc.tof.pherc 
c-on<H t.ion~ c..nu or the 6.lr d r culut ion in polc..r- rc~ton:- J:?ight be of vtll:.c 
ln understanding the developmen t of wea thcr in tempcri..te rcglons . 
Reco1·cllng tbe.:-r:1or..cters expo.::-ed to the ~ey rLuiL tlon, c.nd protect,ed f::-om 
g!'ound l evel tcmpera ~u.re efJ'er:t~:, mighLylcl d i Mpor te.nt dnt£1 in f::.ddlt.ion 
to the other ft&nda::-d CG~ipment of the ntt.tlons of the We~thcr Dure&~. 
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TABLE 1. 

Observations of Effective Ionosphere Heigh tii • 
• 

PHOTOGRAPH [C Measurements of effective 
w Percent of' Measur- ionospher·e height ln kilo-. 

VU:iU./\L Total Measurable abl e records. meters. 
Mon~--: Total !?£tys Records : llours Records ___ Dt.ti ___ Ni,ghi,_ :Low Av~rv.ge __ ~!gh 

December 11,. 14 110 95 56 41. 160 .260 700 

Jama1ry 30 21 390 81+ 54 /46 180 270 480 

February 20 10 181 19 53 47 27C 300 420 

Murch 31 23 725 226 69 31 260 JOO 670 

April 30 23 635 85 57 43 260 320 690 

M.ey 31 22 609 60 21, 76 270 290 550 

June 30 21 631+ 46 11 89 130 290 500 

July 31 11+ 728 33 18 82 230 280 390 

.August 24 5 524 00 0 0 370 390 L,20 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 

,... .. 



TABLE 2 

Percent of time showing measurlSble rulio 
echoe~. 

Ll.::;turbed Day Remt.inoer 
Period of Active Photographic Visuul Photogn iphi c 
lfugnet.l~ Record Record Record 
Linturbs~g~ ___ : hours <lays hours 

December 14-16 70 100 96 

Jenuury 23-30 0 0 31 

February 19-26 0 12 31 

March 18-25 5. 5 12 40 

llpr .:_} 16-23 1. 3 25 17 

May 18-19 0 0 11 

June 13-15 0 33 8 

J uly 22- 25 0 33 5 

of ffon tb 
Visual Re-

cord 
days ____ 

100 

96 

69 

100 

100 

82 

71. 

46 



Percentage of tlme eiving mecsuruble 
photographic records. 

Period of Good Per~od 
~oocl B~ccpti=on=• ___ Total 6AM to 7 PM 

Apr.:.l 8 -12 

llc:.y 8-11 

June 6-10 

July 7-8 

Totd 16 duys 

1,.1% 

29 

22 

13 

28 

60;'! 

26 

9.2 

12 

Jl 

Rem&i nder of month 
Tot.al 6MI to_I.J:M_ 

7 .1% 5.6;;; 

6.L 1.8 

3.9 0.7 

4.0 1.1 

5, 3 2. !, 



TABLE I~ 

Data of the Spectra of Plate 6. 

~ectrum Altitude of tiun Tlme of JJ&:z_ Time_ of_ Exro~vre 

1 +30 7:L..5 p.m. 30 se~. 

2 Sunset 8 f,O soc. 

., -30 10 L, min. ✓ 

4 -50 11 5 min. 

5 -80 11:30 JO oin. 

6 -10° 12 1 hour 

7 -10° 1 a.m. 1 hour 

8 -80 2 1 hour 

9 _50 2:30 5 min. 

10 -30 -:i 
✓ I.. min. 

11 Sunrise 4 40 sec. 

12 +30 5 40 sec. 

13 +15 8 5 sec. 

r _______ ____ 
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