
January 18th, 1952 
212 I. Seminary Ave. 
Wheaton, Illinoi. 

Dr. lewbern Smith, Chief 
Radio Division 
lational Bureau of Standards 
Washington 2S, D.C. 

Dear Dr. Smith: 

I am encloain. he rewi th a 
description of the work on.olar radio waves 
conduot.d at NBS durins; IIf stay there. Th. 
feature of most interest 1s the discovery of 
a very si"le relation between the leftgth of 
a Bolar radio tranaient and the wavelength
of its observation. 

'"
Please turn this material over to Joe 

~ 'einstein. He ..y bave Bose ideas on tb. 
theoretical explanation of the re8u~t8 s&Oured. 
If you deem it worthwhile, it may be possible 
to have him work this part of the description
into a short paper for Science magazine. 

The biib speed record charts upon which 
moat of the above is baset are, or were, in 
the cab1aeta ... fl1in& oa••• in Iadu.trial. 
A180 a considerable n\JJIber of .114•• should 
• 11l tae ouatoG.y of JIl•• McRae whicb illuB­
t~~e the various oircuM8~oe•• 

sa.ause I have had so much difficulty with 
Mcliah wben I worked at BBS and be~.. I have 

" so little confidence- in the man, I prefer that 
he be left out of this matter. 

Sincerely youra, 

Grote Reber 



SOL A R R A D lOW A V E S 

by 

Grote Beber 

Introduotion 

During 1949 and 1950 an investigation was made into the 

variability of the I intensity of radio waves from the sun at 

frequencies of 51, 160 and 480 megacycles. 

At any given frequenoy there is a minimum background 

intensity, below whioh, the enerIY level never falls. This 

level is dependent upon the radio frequency of observation 

and is related to the distribution of the electron temperature 

and electron density in the solar atmosphere. The base. level 

i8 rarely, if ever, observed exoept during the minirmmof the 

el~ven year solar cycle. 

Superimposed on the base level are two distinct types 

of disturbances. One appears as a slowly varying base which 

-.y change over a period of several hours, or a few day,s. by 

a faotor of three or less. The other is a rapid serle. of 

t:r~J1.ients lasting on the order of seoonds and having ••11­

t~•• of perhaps hundreds of times that of the base lev.l. 

T~••e two types of disturbances mayor may not occur simul­

~~~eously. They are both results and indicators of ~neral 

solar activity. 

The material of the solar atmosphere is completely ionized 

and, in COIIIDon with all other celestial bodies, the density 

decreaaes rapidly at increasing heights above the photosphere 

whioh may be .used as a feferenoe. Immediately above the 

photosphere the electron temperature of the ion~.ed gas goes 
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thru a minimum known to optical people as the reversing layer. 

Above this minimum the electron temperature rises steadily 

thru the chromosphere, the inner and outer corona. Thus the 

quiet sun, when viewed at progressively longer wavelengths 

will appear larier~in diameter and of higher temperature. 

Thermal Enhancement 

The first of the two disturbances is associated with the 

magnetic field of spots. This field interacts with the electron 

gas in such a way that a iyrofrequency is produced. At the 

gyrofrequenoy the electron gas has high opacity which 18 another 

way of saying it may be a good absorber or emitter. Thi. hi~ 

opacity may occur at a level substantially above that where 

the solar_atmosphere is opaque due to it~ electron density alone. 

Thus a new opaque reCion may be created where the electron 

temperature is far above the ~~l radiative level of the 

qUiet sun for the wavelength in question. The matter has been ~ 

gone into at some length by Denisse1 , who considers eaobsun­

spot to have a little bright bulb over it. The best wavelength 

to observe the phenomenon appears to be about 10 em. At 

shorter wavelengths very strong fields are needed so the bulb 
•is limited to relatively few spots or conversely the bright 

bulb contracts and goes down the throat of the sunspot. The 

effect can be observed at times at lea and perhaps shorter 

wavelengths, especially when an eclipse prOVides a moving 

shutter to pass across the SUD
a

• 

At longer wavelengths weaker magnetic fields are needed 

but apparently the field of an average spot decreases more 
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rapidly wiih height than the electron density of the Bolar 

alaosphere. Consequently the bulb may be down below the 

normal opaque level of the general atmosphere and thu8 not 

be seen or only faintly BO. On a few occa8ions of very larg. 

spots such as the .pring of 1947 the briiht bulb becomes 

larie enough to be easily observed at 60cm wavelength. In 

the above3 case it may be notioed that the spot was mainly 

effective at meridian passage. This i8 because the neiative 

i:lildex of refraction of the solar atmosphere above the spot 

aided in focusing the radiation into a relatively narro_,oone 

whioh rapidly swept across the line of sight to the obs.rver. 

'tuita weak bulbs may be observed in tbis region of wavelengtba 
2,4

by means of an eclipse • 

It should be repeated that this kind of apparently 

E!'llhanced backiround is a ."able thermal type of phenomenon 

wbich may run along hour alter hour wi ih only a few percent 
-i~ 

change in intensity. The increase over the quiet sun in_nsity 

level may be only 50 percent or so. However'since the radiat­

ing area of the bulb is probably less than on~ percent of the 

solar disk, it is evident the bulb must have a brightnes8 of 

aeveral hundred times its surroundings. These bright spots 

11&1 be readily inferred from the nature C)f the interfeJ'4mce 

pattern at sunrise and sunset. The 480mc apparatus usually 

showed a iood clear set of maxima and mlnima when tbe back­, 

ground was high, indioating a small radiating source. Ihen 

no sources (low background) or several sources were preB.ent 

the interferenoe pattern was less conspicuous. The phenomenon 
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of a h1ib steady back,round was practically unknown at 

160ac as the mainetic fields of spots are much too small to 

be effective far out into the solar atmosphere. 

I Burets and Outbursts 

Oonsiderable effort was expended studying these a8 they 
~ 

, 

a~. quite spectaoular and very little understood. In ieneral. 

an outburst is merely a burst of ireat ma~itud.. The former 

may last an hour or so while the latter are usually limlted 

to a few minutea. A typical burst of the progressive type 
5has been described in some detail. After a collection of 

recordings of these phemonena had been secured at seve~l 

~t.quencies it was apparent they all were vaiUely similar 

but in detail entirely different. They were oomposed of a 

great number of transients having periods on the order of 

seoonds. Since the transients overlapped in profusion it was 

evident that no single source was bein" observed. Also the 

details of this fine structure on a given buret at one frequency 

bore no relation to the details at any other frequency. 

ObViously these highly complex phenomena could not be under­

stood until knowled,e had been secured about their components. 

The building blocks of these bursts seemed to be the transients. 

Period of Transients 

These discrete impulses were named ~pips" because of 

their Similarity to the marks on a radar scope. By making hilh 

speed recordings on quiet days a considerable number of isolated 

or at least separated" pips were secured at !1, 160 and 48Omo. 

An individual pip bas a steep but not impulsive ris., a nearly 
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sinusoidal ~Dp, an at first rapid decay and then a small nearly 

exponential tail. Quite a number of these pips were monitored 

by ear. They all sounded like a momentary application of 

thermal noise. In no case were the,. any snappini, PDPpini or 

crackini sounds. Thus it may be assumed there are no steep 

wavefronts associated with the phenomenon. This is in airee­

ment with the shape of the recordings. 

The duration or period of a variety of pips were measured 

at the above three frequencies. Special care was exercised in 

their selection. All pips sho.lng any irregularity on either 

slope •• re rejected. This should eliminate pairs .here a weak 

one overlapped a stroni one. All pips havini a peak amplitude 

less than three times the adjacent background were eliMinated 

from consideration. Those having a peak amplitude le8s than 

ten times the background were adjusted for this oircumstance. 

The period of a pip was then arbitrarily defined as the 

duration at one half intensity o~ 0.707 aMplitude. By 

selectini frOID the s rallest pips on a quiet day to the largest 

pips in a burst, a wide variety of amplitudes could be secured. 

Pip duration was then plotted versus pip amplitude. The 

resultant scatter diairam showed no correllation whatever 

between these parameters. In other words, the duration was in 

~o way related to the aaplitude. Oddly enouih all the pips at 

a given wavelength fell within a total range of 3 to 1 in 

duration and about half fell within a range of plus or minus 

30~ of the mean. The variation in amplitude was over 100 to 1. 

These studies were made at 5lmc(5.9meters), l60mc(1.88metera) 

and 480mc(.83meters). The mean duration "T" of the pips at 
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theae three wavelengths .}\. was found to be widely different 

and to approximate the relation 

where T is in seconds and A 1s in .e'ters. The earlier phases 

of this study bave~been reported upon6• Early obaerva'tions 

in England? fit into the above relation satisfactorily. When 

these ci rculllatances became known it •• obvi oua why a burst, ~~,,) 

appeared 80 different in de't&1l at different frequenci... At 

480110 nine average pips could occur in the time required for 

one average pip at 5llllO. 

While the above empirioal relationship aas been 4.auced 

f~fJt data at the frequencies indicated, it seems likely"that 

it extends in'to the oentimeter region. A few charts taken at 

Cornell usini continuous wave techniques on frequenci•• of 

1420 and 3200mc show a number of small but very shortp1ps. 

In both cases the duration was obviously much less than the 

time constant of the Esterline Angus recorder so accurate 

information is not available. However the evidencesU&Cest 

duration on the order of a couple of tenths of a second. To 

record these transients reqUires high speed equipment. The 

conventional chopper type of microwave receiver with a loni 

tla. eonstant used at some laboratories merely indicate. an 

_,velop. of the disturbanoe. 

Tbe information available at long wavelengths is qu1'te 
8 meager. However Ruby Payne-Soott sbows at the bottom of her 

figure 4 a few Kroupa of transients recorded at 19mc. 

Inspection of these data indicate a pip length of approaimately 

one quarter of a minute. This 1s in close agreement with the 
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above empirical relation. Apparently the formula holda over 

a range of at leaat one bund.-d to one in wavelengtb. For 

this to be aOt it seems that some fundamental physical 

phenomenon must be at work. Undoubtedly it is related to 
~ 

the distribution of charge and density in the solar &tmoipbere. 

Spectrum of Transient. 

Gross effect8 like bursts appeared nearly simultaneously 

at all frequencies. They are the separate re8ulta of' aome 

common cause and can in no way be considered a 8pectrum. 

On quiet day8 a few pips would occur at one frequency and 

nothing whatever at the other frequencie8. Their appearance 

seemed entirely randolll with a somewhat higher number of 

occurrences at 1601110. At this point it was decided to 

introduce two more c~assificationaJ namely groups and ulusters. 

Individual pips were quite rare. They usually occurred in 

small groups of two to a dozen. Each group lasted perhaps 15 

8econds to a minute. O~ten there would be a period of aotifity 
/

lasting from 10 minutes to half an hour when a number of ,Taupe 

would appear. These protracted periods were known as clusters. 

Arr.angements were then concluded with Oornell at Ith~oa, 

N.Y. to make high speed (6 inohes per minute) reoordings on a 

frequency of a05mc at selected times. These were later 

co.pared with similar recordings taken at Sterling, Va. on a 

f~quency of 160mo. Inspection of the recorda 
. 

whowed no ti..
~ 

' 

correllation wbateTer between pips and only a slight oorrellation 

between group8 at these frequencies. However th6 time ocrrel­

lation between olusters was quite marked. Thus it was assumed 
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that the weak primary sources actlni were effective over a ran~ 

of perhaps 2S" in frequency when the disturbance was of t.his 

aaanitude. The phenomenon was markedly different from the 

powerful primary sources responsible for oursts which are effecti•• 
~ 

over a frequency range of 100 to 1 or more. However stl11 

DQthini was learned about the spectra of the pips. , 

lext, two reoeivers, each having band widths of about 

one half meiacyole were setup at Ster11nii, Va. on frequencies 

of 160mc and 156mc. Simultaneous high speed recordings were 

~4. as before. low correllatiOD between individual pips 

could be secured altho it was far from perf'dt. By limiting 

oonsideration only to pips on one chart having peak .aplitude. 

of three or more times their surroundinis, it was alway. 

possible to find their counterparts on the other char~. The 

duration and time ot occurrence agreed to one tenth of a 

second whicb was as close a8 meaaurement a110.ed. Also the 

shape of the pips appeared the same; so it was deduced that 

the same phenomenoa was belDi observed at the two frequencies. 

Unfortunately the amplitude of a given pip on the two charts 

was rarely the same. About one fifth of the pips showed 

amplitUdes within lO~ of each other and perh.ps one in a 

hundred showed -.plitudes equal within 2~. As weaker and 

weaker pips in a given irouP were c~n8idered. the above. 

correllation became poorer and poorer until tbe s_ll wiales 

.e~ entirely random. These were believed to be merely the 

spectral tails of pips at frequencies quite far removed from 

that of observation. From these results it may be deduced 
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that the spectral width of a pip at l60me 1s only a few 

percent of its mean frequency. The spectral width may be 

defined &s the frequency band within which the intensity 1s 

one half or more of the peak intensity. This small spectral 

width mayor may n~t hold at substantially longer or shorter 

wa.velengths. 

La LOQkiD& over the charts gave the impression that the 

medium amplitude and weak pips sbowed more mearly equal 

amplitudes than the very strong pipst which unfortunately 

wera f$w in number. If this be true t it may be that there 

is an inverse amplitude versus spectral width relationsbip. 

However measurement at only two frequenclsa is not capable 

of producing quanti~ative results on this SUbject. Some 

effor" was IIl&de to get setup at three nearby frequene1e" 

equally spaced. With such apparatus tl~8hould be pos8i~le to 

select pips haVing spectral distributions centered on the 

middle frequency. Comparison of the<relative amplitude of< side 

frequenoies veraa. absolute amplitude of center frequency 

should then give quantitative information upon any spectral 

width versus amplitude relationship. Unfortunately the growtb 

of other work at SterJ" , made it quite difficult to secure a 

wide enough clear part of the spectrum in whicb to operate 

such appar&tua. 

A~litude of the Transients 

These pips become less and less conspicuous at shorter 

and shorter wavelengths because the thermal baokground level 

of solar energy is steadily rising. The best frequencies to 

observe them are at meter instead of centimeter wavelengths. 
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Occasionally a high background level was encountered at leOma 

which might last from a few hours to a couple of days. The 

c~arts invariably showed a very rough top with the pen in 

constant motion. Inspeotion indicated the high background to 
~ 

be merely the aggregate of innumerable small pips which produced 

the rough top. This is entirely different from the high 

steady backgrounds encountered at 480:llc where the phenomlinon wu 

tbermal &s pervioualy described under section on thermal 

enhancement. 

On wa.velengths longer than a couple of meters the thermal 

background of solar radiation become. so low that it is quite 

difficult to detect. At these frequencies the transients are 

really the only manifestation of eolar emissions. They have 
8,g,lO andbeen reported well into the deoameter range are 

apparently of great intenSity when they ocour. From the 

evidence secured at Sterling and that of other investigators 

it is certain -that the intensity of these pips is proportional 

in a POBltive way to wavelength. Their frequency of ooourrenoe 

however seems to be small at both the very short and the very 

long wavelengths with a maXimum per unit time _omewhere about 

two meters wavelength. This bas, perhaps, 80me relation to 

the! r mechanism of production in the so Lar a tmoEphe re . It 

.eemS that the chaT~e and density circumstances may be more 

auspicious at the particular level wherein this wavelength 

of pips 1s originated. 
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Souroe of the Transients 

The aoove paragraphs are primarily descriptions of 

experiments designed to measure some of the parameters of the 

pt!~monemol'l in question. Precisely how the pipe originate ia 

unknown. Bowever their short duration and small .pect~l 

.idth make it olear they must oriiinate in a very limited 

re&ion of the solar atmosphere. Also the mechanism must cb. 

a non thermal process whioh converts sOlDe tJptnof mechanil.eal· .. _­

or radiant energy into meter waves. Attempts bave been 

made to correllate the oocurrence of pips with various 

optical phenomena. The results have not oeen successful, 

&s might be expected. This is because the souroes of meter 

waves J where the pipe are most abundant, are far out in the 

Bolar oorona. They oriiinate at levels where it is not 

possible to observe optically at any time except durini a 

total eclipse. These pips, like spote, etc. are results 

and not causes of general solar activity. Even on days of low 

optical activity a few pips will be encountered. They are 

not associated with any prominent objects such a~ ep~ts in 

a direct way. However inspection of the charts suggests the 

pips are most likely to be present during the birth and growth 

of spets. It is during these times that the hi~h variable 

back~round is usually encountered at 160.c. After a spot 

has matured it may be around for a long time but no extra­

ordinary radio emissions w111 be detected. A few ti~s a 

spot bas had two periods of growth with a stable period bet•••a. 

The pips were predominently present during the growth period•• 

The bursts are sometimes associated with flares. However 

the life of a flare is many times that of a typical burst and 
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80me of the largest flares have produces 'rather minor radio 

emissions. It seems that the ternperature of a flare is more 

related to its ability to malee radio waves than itB mere size. 

5Tae p rogreaaIve type burst has been Hscri bed. A mtber ty~ 

e~lats where the disturbanoe begins substantially 8imultari~ou81y 

'. ~ 
at all frequencies. These two types sees to be the same phenomenon 

except for the way in which the energy is supplied. The for~~r 

1s probably actuated by some pressure wave travelling outward at 

a relatively low velooity; wbile the latter is probably actuated 

by ultraviolet light. Both types are present duri ng a period of 

8.olar acti.! ty and it is usua.lly qUi te C1~fficu1t to un tangle them. 

The simultaneous type may ultimately be associated with the fal 

~~~ravl01et radiations from a hot flare. Bursts of both type. 

are merely ailregations of pips of the type described above. Tbi 

mechanism of a burst is the same as a pip, only on a ir~d scale. 

Details of the mechanism are unknown. To a first approximation 

it way oe surmised that the pip has its origin in turbulence and 

charge nonhomoiene1tles in the solar atmosphere. Also it see~s 

in 
apparent that the effectiveness of these anomalies isla direct 

way proport1onal to the sharpness of the interfaoe. in terms of 

waveleniths. If this be true, the circumstances would favor mOle 

powerful pips at the longer wavelengths which is esactly what tbl 

experimental eVi~oe show~. Probably the volume of Bolar 

atmosphere associated with a pip is quite small, perhaps a cubic 

kilometer or posSibly even a few cubio meters. If, and when, 

tecbniques are devised which will enable the Bolar atmosphere to 

be inspected in detail at radio wavelengths much more will be 

learned than merely attemptini to analyse the gross solar radiatioD_ 

Some hope is held out by the recent development in Australia of 

a scanning interferometer. 
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