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In t^ od uotlon

Fot» purposes o f stu d y in g  the character of time f lu x  na tio ns 

in  a rc t ic  n ig h t sky  b r ig h tn e ss , 've have erected a p ho to e le c tric  

m on ito ry system  at the B a lle in e ’ s Lake F ie ld  S ta t io n  ( la t itu d e  

N6,'°5 2 t , long itud e ) • The u n it  was se t in  operation

September 27 , 19;,9 , and dismounted June 6 , 1950, when i t  became 

evident that fu^the-** o b se rva tio ns would be im p o ssib le  due to 

lengthening days. Although no apparatus has been a va ila b le  by 

which the response curves o f phototubes could be c a lib ra te d  

a b so lu te ly , a standard by which b r ig h t  ness record ir gs of d i f -  

fe ^ rn t phototubes can be -educed to  approxim-ite absolute va lues 

has b^en evolved. A lim ite d  in v e s t ig a t io n  o f a p o ss ib le  c o r^ e la tio  

between f lu x u a t io n s  in  the in t e n s it ;  of upper atmospheric e m iss io n s 

an cl sporadic c o n d itio n s in  the ionosphere has been made.

In stru m e n ta tio n

An HCA 1=0P~21 p h o to m u lt ip lie r tube, having a response s im ila r  

to that of the  human eye (F ig u re  1) has been u t i l i s e d .  The tube 

in v o lv e s 9-sta g e a m p lif ic a tio n ; in  d .c . operation w ith  -1000 

applied to  t h e cat..ode {or about 110 v o lt s  per stage) s the c u rre n t 

a m p lif ic a tio n  i s  some J- x 10^. F ig u re  2 shoe’s  the tube c irc u it  and 

assem bly,

1. T h is  wo^k was suppo^tod in  p ert by the CP.FL, N a tiona l Bureau 
of Standards, Crde-"* Wo. 3-8097«

2* Geophysical In s t i t u t e ,  U n iv e r s it y  of A la ska , College, Alaska.,



The tube was mounted in  a heated box se t atop a 20 fo o t tower*.

I t  was believed tha t an elevated in s t a l la t io n  would e lim in a te  the 

e ffe c ts  o f l ig h t  in  the nearby f i r l d  s ta t io n ,  and such proved to be 

the case. No change in  phototube response was evident when these 

l ig h t s  were e lim ina ted . A 3 inch c irc u la r* opening in  the box admitted 

ze n ith  s k y  l ig h t  which was subsequently c o llim a t ed by means of a 

3 1/2 inch tube of 2 1/2 inch diam eter. T h is  opening was f i t t e d  w ith  

an u lt ra v io le t  t ra n sm itt in g  f i l t ( F i l t e r  791, Corning G la ss ’fo^ks) 

The f ie ld  o f "v ie w ” of the phototube was about I 1'0 in  d i a m e t e r .  The 

box was o^ im ted by means o f an a ff ixe d  ta~gr-t le v e lin g  g la ss  and 

ad justab le  su p p o rts .

The phototube s ig n a l was I 'd  in to  a bridge and recorder c irc u it  

as shown in  F ig u re  3* A Brovm two-channel recorder was u t i l i z e d  and ' 

adjusted so that the s e n s i t iv i t y  o f the t ’\o channels y?as about te n -to 

on e, w ith  the record ing  l im i t s  o f the " s - n s i t i v ' ”  and ’’in s e n s it iv e "  

sc a le s sta nd ing  a t about 5 and 50 v o lt s  phototube s ig n a l re sp e c tiv e ly )  

T h is  adjustment fa c il it a t e  1 complete coverage in  both the presence 

and absence of se n ith  polar aurorae.

A time clock  a c tiv a te d  the power supply each day a t  the tim e of

e a r l i e s t  p o ss ib le  recordin g , i . e .  the  timo during evening tw i l ig h t

wh^n zenith sky brigh tn ess  had f a l l e n  ’-'it; in the recorder l i m i t .

S im ultaneously , t h f  turning moto^ of a sriaici^cula"" sh u tter  designed  

to p*«otPCt the phototube from d ir e c t  su n ligh t was a c t iv a te d . Figure •> 

shoe’s the con stru ction  of t! i s  sh u tter mechanism. As shown, tha 

3hutte~’ i s  in i t s  d a y lig h t o~ closed p o s it io n  ( cove-" !  >g the o r i f i c e )  ,, 

with mioroswitoh A* c lo se d . T<hen the time clock a c t iv a te s  the pcr;;3~ 

supply, i t  a lso  c lo s e s  contacts A, thus a c t iv a t in g  th e  turning mot o r . 

Upon turning through about 180®and opening the o r i f i c e ,  the sh u tter  

c lo s e s  mic^oswitch B’ and iram ediatrly th e^eafte^  r e le a s e s  microswitoh.



A *, thus stopping the m otor. At the end o.f the n ig h t’ s ^un, the 

tim e c lock opens A (and deactivates the power sup p ly) and c lo se s B , 

so thn t the sh a tte r tu rn s  again through 1 8 0 °, c lo se s Ar and re le a se s  

B ’ , completing the cycle so tha t the o r if ic e  i s  again closed during  

the dny.

C a lib ra tio n  o f the b ridge and reco^de-' c irc u it  was made s im p ly  

by im p ressing  known voltage s a c ro ss the in p u t leads fn iia  the photo

tube. The recorder response was not q u ite  lin e a -  ni t h  applied 

vo ltage. O r ig in a lly ,  these c a lib ra t io n s  we^e made almost d a ily ,  but 

t h e i” frequency was decreased when i t  became .evident that they changed 

very l i t t l e  from  week to week.

The Naval Research La b ora to ry v is u a l photometer, I-^odel 2 , was 

us'-d to provide a c a lib ra t io n  o f  phototube s ig n a l v s .  m illim ic ro la m - 

b e rts  o f i l lu m in a t io n .  D uring  se ve ra l t w i l ig h t  p e rio d s, the p h o t o m e t e r  

v/as o riented  v e r t ic a l and p o in ts along the recorder t w il ig h t  curve 

id e n t if ie d  as to v is u a l b rig h tn e ss . T h is  provided a standard by 

whioh the response of d if fe re n t  phototubes could be reduced to  

absolute b rig h tn e ss u n it s .  I t  i s  r f>cognized tha t due to the d if fe r in g  

spectra o f t w i l ig h t  and n ig h t s k ie s  t h i s  standard I s  not completely 

accurate, but i t  afforded the b est mrans a va ila b le  fo r comparison 

o f phototube re sp o n se s. Th^ r e s u lt s  o f c a lib ra t io n s  fo r  the two 

phototubes used in  t h i s  program are shown in  F ig u re s  5 and 6 . Photo

tube No. 1 showed s ig n s  o f fa t ig u e ; wo. 2 did no t. I t  i s  evident 

thcit the response of both tubes during  the  t w i l ig h t  period i s  c lo se ly  

lin e a r in  each case*

In v e st ig a t io n  and R e su lt  a

Traces from th? reco~der -e re  d iv ided at each m idnight* The 
h o u rly  means of b rig h tn e ss  we"e f i r s t  scaled according to the voltage

c a lib ra t io n , then th-nse mem va lues werf m u lt ip lie d  by the fa c to r

-  3 -



derived from F ig u re  5 o r 6 in  o^de  ̂ to obta in b rig h tn e ss  in^u.L> <>

These va lue s we^e recorded and fo rw  rded to the N a tio na l Bure m o f 

Standards each month along " ' i t h  m ic ro f ilm  copies o f the tra c e s.

The io no sp he ric  equipment at College produces a p ic tu re  o f 

the ionosphere every f if te e n  m inutes. In  order to  in v e st ig a te  a 

p o ss ib le  c o rre la t io n  between n ig h t sk y  e m iss io n s and sporadic 

io n iz a t io n  in  the E -re g io n , we have sc a lrd  laep.n b rig h tn e ss  va lues 

f o r  f if t e e n  m inute in t e rv a ls  d u rin g  "4 iic h  sporadic io n iz a t io n  was 

evident in  the E - la y e r .  The r e s u lt s  are shown in  F ig u re s  7 , where 

$ES re p re se n ts the maximum ra d io  freouency re fle c te d  from the E -  

l a y e r  ( in d ic a t iv e , o f course , o f the degree o f io n iz a t io n  th e re ) , 

and B re p re se n ts the corresponding b rig h tn e ss . M o o n lit p eriod s were 

discounted in  com piling t h i s  data due to  th e  d i f f ic u l t y  in  seg re

gating atmospheric e m issio n s from the va ry ing  background of 

scatte red  m oonlight. Frequent o b se rva tio ns of atmospheric c o n d itio n s 

were made on a l l  but a f e w  n ig h ts  throughout the w i n t e r  U n t i l  May 1 .

I t  would a p p e a r  from  F ig u re s  7 tha t a lth o u $ i on many n ig h ts  the 

curves fo llo w  each other s t r ik in g ly ,  th e re  i s  no c o n siste n t c o rre 

la t io n  between the two phenomena. S inc e  the  F -re g io n  was g e n e ra lly  

masked by sporadic E io n iz a t io n ,  no in v e s t ig a t io n  o f p o ss ib le  changes 

in  sporadic F  c o n d itio n s w ith  n ig h t sk y  b rig h tn e ss has been fe a s ib le . 

Because of the s l o w  sweep o f the ionosp heric  equipment at t h i s  

s ta t io n ,  any conc lusions drawn concerning p o ss ib le  c o rre la t io n s  must 

be h i$ i l y  te n ta t iv e . I t  i s  hoped that w ith  the in s t l la t io n  o f fa s te r  

enuipment, m ore conc lusive  su rve ys o f t h i s  type can be undertaken.

June 30, 1950



—*“"j [-*- Ranqe of max, value

Fiq. I-Spectral sensitivity characteristic of phototube having 5-4 response.
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Volts Input to Recorder Circuit.
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