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ABSTRACT
Waveletanalysisis appliedto themicrovariability light curvesof blazars0716+714,ON231andBL Lac. We

analyzed13microvariability light curvesanddeterminedthetwo mostpowerful periodsfor eachdatasetusing
theIDL wavelettoolkit. Periodswerecomparedbetweendatasetsto identify trends.Relativistic cosmological
andbeamingeffectswereusedto determinetheperiodsin therestframeof theobjects.Theseperiodswerethen
usedto draw conclusionsaboutthephysicalconditionsin therelativistic jet. We interpretthe�ux variationsin
termsof collectiveplasmaprocessesin thejets.Fromouranalysis,inhomogeneitiesin theambientjet medium
area lengthscalesof 1013 meters.
Subjectheadings:blazar:general— blazar:individual (0716+714,ON231,BL Lac)— blazar:microvariabil-

ity — wavelet: application

1. INTRODUCTION

An ActiveGalacticNuclei (AGN) is a typeof objectthatis
extremelydistantfrom earthandassuchhasmany unknown
properties.However, it hasbeenwell establishedthat at the
centerof anAGN thereis asupermassiveblackhole.A super
massiveblackholeis anobjectthatis upto 109 timesthemass
of thesunandis compactedto anextremelysmallsizedueto
an intensegravitational �eld. This blackhole is rotatingand
surroundedin theequatorialplaneby anaccretiondisk. The
accretiondiskdrawsmatterandmagnetic�elds into theblack
hole.Two jetscomposedof particlesmoving outwardsareac-
celeratedfrom theblackholeat relativistic speedsperpendic-
ular to theaccretiondiskandemit synchrotronradiation.In a
blazar, we think thejet is pointeddirectly towardearthwhich
causesthe relativistically beamedjet emissionto drown out
thedisk emission.In many ways,theaccelerationprocesses
involved in theserelativistic jets still eludesscientists.One
theorystatesthat the jets areacceleratedby a wind blowing
off the accretiondisk which causestheseparticlesto form a
jet-like stream.However, this theorydoesnot accountfor the
collimationof the jets. Anothergroupof theoriesstatesthat
thesejets areacceleratedEMF forcesby the twisting of the
large-scalemagnetic�elds surroundingtheblackholedueto
rotationandthecurvedspaceandtimecoordinates.Thestruc-
tureandlengthscalesof theinnerjetsareun-resolvedandare
animportanttopic of muchresearch.We hopeto usethemi-
crovariationsstudiedhereto gain insight into thestructureof
theinner, unresolvedportionsof theserelativistic jets.

Studyingblazarshasshown that over time, the apparent
magnitudeof the blazarchanges.Sincethe jet of a blazar
is directedtowardEarth,this meansthat thereis someinter-
nal processoccurringwithin the relativistic jets that causes
brightness�uctuations.Thelevel of energy emittedby arela-
tivistic jet of a blazarhasbeenshown to vary over timescales
of years,months,weeks,days, and in somecases,hours.
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Whenthe brightnesslevel of a blazarvarieson the scaleof
minutesto hoursit is referredto asmicrovariability. It is be-
lievedthatthismicrovariability couldgiveusphysicalinsight
into thestructureof thejet. Microvariability timescaleswere
determinedby Downs et al. (2006)andWilkat et al. (2002)
usingtheDFT andFFT. Noisepropertiesandthepossibility
that the microvariability found in blazarsis a resultof noise
wasstudiedby Azarniaet al. (2005). They found that there
wasmorein thesignalthansimplynoise.

2. OBSERVATIONSAND DATA REDUCTION

2.1. Sourceselection

WechosethreeBL Lacsourcesfor thisstudy. BL Lacitself
is a nearbybright sourcethat is theprototypefor theBL Lac
classof objects.It hasalonghistoryof opticalvariability, and
wasoriginally believedto beanirregularvariablestarbefore
it wasshown to beextragalacticin nature.ON 231is a radio
selectedBL Lac and hasshown rapid optical �ares in past
observations.Thesource,0716+714is a very bright BL Lac
andis ideally locatedin thesky for observationsmostof the
year. The observationsof 0716+714weremadeat the Dark
Sky Observatory (DSO)by J.T. Pollock. Thesethreeobjects
were chosenbecausethey have demonstratedvariability on
all timescalesandareknown to have shown microvariability
in their light curves.For thisstudy, themainselectioncriteria
were:

² if theobjecthaspreviouslyshown microvariability,

² thelengthof thedatasetsarelong(¸ 5 hourswasideal)

² multipledatasetswereavailablefor thesameobjecton
differentdates(exceptON 231)

² thequality of thephotometrywasexcellentso themi-
crovariationswerewell above thenoise.

Table1 givespertinentinformationon eachof theobjectsse-
lectedfor thisstudy. Column1givesthecommonname,while
columns2 and3 give thelocationandcolumn4 lists thered-
shift. Column5 indicatesthereddeningvalueusedto reduce
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TABLE 1
OBJECT INFORMATION

name RA Dec z E(B-V) ±b classi®cation

0716+714 7:21:53.4 71:20:36 0.300000 0.031 9.56 HPQa, BLLAC
ON231 12:21:31.7 28:13:59 0.102000 0.023 1.5 BLLAC
BL Lac 22:02:43.3 42:16:40 0.068600 0.329 3.8 BLLAC

NOTE. Ð dataobtainedfrom NASA/IPAC ExtragalacticDatabase(NED)
aHigh polarizationquasar
b0716+714from Downsetal. (2006),ON231andBL Lac from Jiangetal. (1997)

TABLE 2
M ICROVARIABILITY OBSERVATION DATA

object date index # duration(hrs) telescope exposuretime (sec) reductionprogram

0716+714 1/21/2004 1 5 DSO 200 MIRA
0716+714 1/23/2004 2 7.3 DSO 200 MIRA
0716+714 2/21/2004 3 9.9 DSO 200 MIRA
0716+714 3/10/2004 4 9.5 DSO 200 MIRA
0716+714 3/22/2004 5 8.7 DSO 200 MIRA
0716+714 11/13/2004 6 9.3 DSO 200 MIRA
0716+714 12/27/2004 7 11.7 DSO 200 MIRA
0716+714 2/17/2005 8 10.8 DSO 200 MIRA

ON231 4/25/1998 9 8.3 DSO 300 MIRA
BL Lac 7/10/2005 10 5.5 SARA 200 MIRA
BL Lac 7/11/2005 11 3.5 SARA 200 MIRA
BL Lac 10/1/2005 12 5.5 SARA 200 MIRA
BL Lac 10/31/2005 13 4 SARA 200 MIRA

thephotometryandcolumn6 liststherelativistic Dopplerfac-
tor from the literatureusedto convert the luminosity to the
Şjetrestframe�T. The�nal columnlists theclassi�cations.

2.2. Photometry

The equipmentusedat Dark Sky Observatory (DSO), lo-
catedin Northwesterncornerof North Carolinaand run by
AppalachianStateUniversity, wasthe .81 m f/13 Cassegrain
telescopewhichusesaPhotometricsCH 250camera.All data
from 0716+714were taken using the R band�lter . Images
of ON231werealsoobtainedfrom J.T Pollock. The South-
easternAssociationof Researchin Astronomy(SARA) 0.9
m telescopeat Kitt Peak,AZ wasusedto obtain imagesof
BL Lac. The dataimagesfor this studywerereducedusing
MIRA. SeveralBL Laccurvesshowederraticcomparisonstar
deviationsandhadto be re-reducedbecauseof a problemin
thecosmicray�lter . Whenthecosmicray�lter wasappliedto
theseimagesin the �rst photometrysession,it createdholes
within the stellar imageswhich affectedthe magnitude.We
re-reducedthe original imagesandthe cosmicray �lter was
usedto aminimalextent.Thiseliminatedtheholesin theob-
jectsandyieldedmuch improved photometry. Table2 lists
therelevantdetailsof theobservationsweanalyzedincluding
the datesof the observations(column2), the durationof the
microvariability runs(column4), andtheexposuretimesfor
eachimage(column6).

2.3. TimeSeriesAnalysistechniques

The studyof brightnessvariability in thesejets over time
canbestudiedusingtimescaleanalysis.The traditionalway
to determinetimescalesis to usea Fourier transform. The
Fourier transformessentially�ts sinewavesof varying fre-
quenciesandamplitudestoadatasetanddetermineshow well
thesinewavefollowsthedataset.TheDiscreteFourierTrans-

form (DFT) andFastFourier Transform(FFT) wereusedin
previousstudies(Wilkat etal. (2002);Downsetal. (2006))to
modelblazarmicrovariability. A moremathematicallycom-
plicatedandpossiblyaccuratemodelis known asa wavelet.
Wavelets are similar to plane wave �tting routines,except
they are not planewaves, but spatially isolated“wavelets”.
Thewavelet is scaledin time to the lengthof the time series
and�t in frequency, amplitudeandtime. Thus,to represent
a wavelet,you needthreeaxes,period(frequency), time and
power.

Essentiallyawaveletfunctionis usedto divideaninputsig-
nal into its varying frequency components.Becauseof this
functionality, thewaveletis extremelyusefulfor datasetsthat
have discontinuitiesor sharppeaksmuchlike themicrovari-
ability thatis analyzedin thisstudy. Thiswaveletmodelis the
resultof applyingasmallwaveletfunctionoveradatasetand
using a scalingfunction. Thereare many different wavelet
families eachof which containsa different type of wavelet
function.For example,aMorlet waveletfunction(Goupillaid
et al. (1984))withanorderof six appearsin Figure1. This
smallwavelet is thenappliedto thedatasetutilizing varying
periodsandamplitudesto determinetheperiodof best�t.

We used two programs written in the IDL: the
IDL wavelet toolkit and a wavelet program writ-
ten by Torrence and Compo (available at URL:
http://paos.colorado.edu/research/wavelets/). The wavelet
programallows theuserto import datainto theprogramand
thenshows theresultingwavelet in a two-dimensionalgraph.
Thisgraphshows thetimeon thex-axisandtheperiodon the
y-axis. A color scaleis usedto show power or the periods
at which the wavelet function had a high correspondence
to the data set imported (highest power). Similarly, the
wavelet toolkit allows the userto import datasetsandplots
thewaveletpowerspectrumin three-dimensionsallowing the
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FIG. 1.Ð Morlet order6 wavelet. Thex-axis is thescaledwavelet length,
andtheverticalaxisis thescaledwaveletamplitude.

userto view thez-axisbothphysically andthrougha sliding
color scale. The toolkit also allows the userto changethe
wavelet family andorderwith a simpleclick. The usercan
alsochangethe appearanceof the wavelet modelor display
signi�cance levels up to the 99.9% level. On the far right
side of the active window which displays the model, the
meanpower valueof a particularperiod is displayedwhich
allows easyidenti�cation of the most relevant period. We
testedthe wavelet methodby applying the wavelet analysis
to sine waves generatedin order to learn how to interpret
the resulting wavelet spectrum. In order to enhancethe
understandingof the wavelet spectrum,the following were
used:Figure2 shows thewaveletpower spectrumof random
noisewith thesameamplitudesasour light curves. Noneof
thefeaturesof thewaveletpowerspectrumweresigni�cantly
above the 99% signi�cance surface. The x-axis is the time
axis in arbitrarytime units,while they axis is thescaleaxis,
or periodaxis. Thez-axisis thepower of thewaveletwith a
particularscaleat a particulartime. It is alsocolor-codedfor
easierinterpretationof thepower. Note thepanelat the rear
of the diagramis the actuallight curve analyzed(hiddenin

FIG. 2.Ð Threedimensionalwavelet spectrumof Randomnoise. Thex-
axisis thetime or durationaxis,they-axisthescalefactoror period,andthe
z-axisthe wavelet power. The backpanelshows a plot of the original light
curve,while thesidepanelshows theaveragepowerasa functionof scaleor
period

this Figureby the con�dencesheet)andthe left panelis the
integratedpowerasa functionof scale.

Similarly, we generatedpure sine waves, and sine waves
with noiseadded.Thewaveletcouldeasilydistinguishiden-
tify thesinefunctionevenif thenoisewassigni�cant. Figure
3 shows the wavelet spectrumof a sinewave with a modest
amountof noiseadded.Theaxesarethesameasin Figure1.
Notethe99%contoursheetis well below thesignal.

FIG. 3.Ð Sinewave with period64 andrandomnoiseadded(seecaption
for Figure2)

2.4. DataReduction

The original light curve datasetswere importedinto the
two IDL programsin the format of hoursvs. magnitude(or
�ux in thecaseof 0716+714).Thewaveletsthatweregener-
atedshowedastronglineartrendwhichdenotedthelong-term
variability which wasnot anaspectof this study. In orderto
studythemicrovariationsthe long-termvariability neededto
be removed. This wasaccomplishedby removing the linear
trendfrom theindividualdatasets.

All of the wavelets generatedshowed at least one very
strongperiodthatwaswell above the95%signi�cancelevel
and, in most cases,above the 99% signi�cance level. As
shown in the samplesinewaves,any periodthat wasabove
this signi�cancelevel wasimportantto the datasetthat was
beinganalyzed.In bothof theprogramsused,therewasorig-
inally no way to print out thenumericalvaluesof themodels
usedto plot the wavelet. In order to recover the numerical
valueswe wrotean IDL wave outputprogramthatextracted
the dataplottedby the wavelet programs.The programalso
searchesfor the maximumpower andselectsout that power
andits correspondingperiodandtime values. All of this is
saved to a �le which is de�ned by the user. The maximum
power, with the correspondingtime andperiodcomponents,
is printedat thetop of thedocument.After this programwas
written, all of thedatapointswithin eitherprogramcouldbe
printedout andsaved to a �le. Whenthe programwasused
and comparedto the datasetsof 0716+714,it was noticed
that the wavelet toolkit performsa conversionbetweenthe
trueperiodthatis representedonthegraphandscaledperiods
that areactuallystoredin the program. The transformation
betweenthesevalueswasnotgivenandeventhetechsat IDL
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TABLE 3
PERIODICITY DATA FOR OBJECTS 0716+714, ON231, BL LAC

index # 1st period(hrs) 2nd period(hrs) maxpower compperioda compperiod luminosity[log(ergs/sec)]

1 1.29 3.65 0.000892 1.42 3.40 31.65
2 5.78 0.0387 6.71 31.69
3 5.78 0.00661 7.83 31.43
4 4.86 2.05 0.0131 6.23 2.02 31.70
5 3.62 0.00169 3.81 31.75
6 5.78 4.09 0.00649 5.50b 3.81 31.48
7 7.24 5.12 0.00747 7.83 5.50 31.55
8 6.09 3.62 0.036 6.23 3.81 31.53
9 3.07 0.0777 2.79 30.95
10 1.87 3.73 0.000623 1.37 3.64 30.20
11 3.66 1.30 0.00157 3.64 1.37 30.12
12 1.30 3.08 0.000609 1.37 2.79 30.18
13 0.830 1.97 0.00623 0.907 2.23 30.34

aComparisonvaluesobtainedfrom Wilkat etal. (2002)andDownsetal. (2006)from Fouriertransforms
bIndex numbers6,7,8,10,11,12,13were comparedto other datasetsfrom the sameobject as thesedatasetshave not beenpreviously

analyzed.

did not know. Thus,we determinedthe correctconversions
for theMorlet waveletcaseas:

¿ = 2(¿max- ¿given+1)±t (1)

with ¿max the maximumperiod value printed out, ¿given the
scaledperiod value and ±t the time stepusedas explained
below. ¿ is thecorrectperiodasgraphed.Wealsoidenti�ed a
bug in thewavelet toolkit, andwith the IDL supportcenter's
help, correctedthe pointer in the lower left cornerso that it
correctlydisplayedthe time, periodandpower valuesfor a
speci�c cursorlocation.

3. RESULTS

3.1. WaveletAnalysisResults

By usingthe maximumpower from the wave outputpro-
gram,thetwo strongestperiodsfor eachdatasetin eachpro-
gramwasdetermined.First all of the dominantperiodsob-
tainedfor a speci�c datasetwereanalyzed.Both programs
rely on a value of ±t, or the changein time betweensteps,
to graphthe wavelet. Sincethe programknows the number
of datapointsinput it averagesa valuefor ±t thenusesthese
valuesinsteadof the input time values. However, the two
programsusea differentvalueof ±t which meansthat when
the periodsarecomparedbetweenthe two programs,slight
discrepanciesresulted. In mostcases,the dataobtained�ts
within themargin of errorexpecteddueto thedifferentvalues
of ±t. All four periodvalueswerecomparedfor eachspeci�c
dataset. Theseusuallyalignedfairly well. For example,if
one programshowed only one dominantperiod, so did the
otherprogram.Thewaveletsgeneratedseparatelyby thetwo
programslooked extremelysimilar. We thenexpandedthis
comparisonto all of the datasetsof the sameobject. This
step allowed for the identi�cation of any frequently deter-
minedperiods.If a periodoccurredfrequentlyover thespan
of days,monthsor years,this indicatesa signi�cant period.
Ultimately, theseperiodsmay be relatedto processesoccur-
ring within the jets. Oneof the �nal stepsfor dataanalysis
involved comparingthe maximumperiodsobtainedfrom all
of the datasetscombined. In order to do this Table 3 was
constructedandthensearchedfor similar trends.

3.2. ObjectComparison

Whenall of the datasetswerecompared,thereappeared
to be sometrendsbetweenobjects. In four out of the eight

datasetsfor 0716+714therewasa periodof approximately
5.5 hours. A periodwasfound in ON231at slightly over 3
hours. Also, in BL Lac, threeof the datasetscontaineda
periodaround1.5hours.

We have includedonly wavelettoolkit imagesin this paper
sincethey aremuchmoreeasilyinterpretedthanthe2-dplots.
Theplotsareinterpretedasdescribedabove.

3.3. 0716+714

The majority of the datasetsfrom 0716+714werelonger
than9 hourswith the singleexceptionof index numberone
which wasonly 5 hoursin duration.This meansthatany pe-
riod found that was9 hoursor greaterwould simply corre-
spondto the linear trendin thedataset. Sinceall of thedata
setshadthe linear trendremoved,this shouldnot be in issue
andinsteadany strongperiodsshouldresult from the actual
microvariations.

Themostfrequentlyoccurringperiodwasaround5.5hours.
A periodwithin § .5hourof thisfrequentperiodwasobserved
in six out of the eight datasetsfor 0716+714.This wasev-
ident in many of the wavelet transformsandfor illustration,
pleaseexaminetheFigure4.

FIG. 4.Ð DataSet53075,index number4, (axesarethesameasin Figure
2)
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TABLE 4
RELATIVISTIC PERIODICITY DATA FOR OBJECTS 0716+714, ON231, BL LAC

index # 1st periodobs(hrs) 2nd periodobs(hrs) 1st periodsource(hrs) 2nd periodsource(hrs)

1 1.29 3.65 9.49 26.84
2 5.78 42.53
3 5.78 42.53
4 4.86 2.05 35.77 15.08
5 3.62 26.62
6 5.78 4.09 42.51 30.08
7 7.24 5.12 53.24 37.65
8 6.09 3.62 44.78 26.62
9 3.07 4.18
10 1.87 3.73 6.65 13.26
11 3.66 1.30 13.02 4.62
12 1.30 3.08 4.62 10.95
13 0.830 1.97 2.95 7.01

Onthisimagethepinksheetwasthe99%signi�cancelevel.
As observed,therewasa largeportionof thecurveabove this
level which would imply that therewas more to the signal
thannoise. Althoughedgeeffectsareimportantin interpret-
ing time seriesanalysiswith short time seriesduration,the
removal of linear trendaddssigni�canceto this periodsince
it removeswhatever strongDC componentthat might affect
long periods.Also dueto thenatureof wavelets,thewavelet
diagramillustratesthe importanceof edgeeffectsby noting
the shapeof the power distribution asa function of the time
coordinate.A clearrepresentationof theseeffectscanbeseen
in Figure3 wherethe sinecurve propagatesthroughoutthe
data,but thepowerpeaksin thecenterwheretheedgeeffects
areminimized.

Anothersigni�cant periodoccurredaround3.5 hours. In
four out of theeightdatasets,this periodwashigh above the
signi�cance level. Sincethis period was drasticallyshorter
thanthelengthof all of thedatasetsusedfor thisobject,it was
likely to bea very signi�cant period.A �nal commonperiod
occurredaround7 hoursin mostof thelongerdatasets.This
periodwasin four outof theeightdatasets.To determinethe
signi�canceof this periodmorefully, longerdatasetswould
berequired.

3.4. ON231

This datasetwasabout8 hourslong anda strongperiod
of approximately3 hourswasfound. Unlike all of theother
wavelets,this datasetstill containedthelinear trendbecause
it did not effect the wavelet power spectrum.As evident in
theoriginal light curve which wasprojectedagainsttheback
of the�gure 5, therewerestrongoscillationsin thedata.The
scalewasin Juliandateinsteadof hoursontheplotsvisual,but
for analysiswasconvertedto hoursin orderto comparewith
theotherdatasets.Thepink sheetshown wasthesigni�cance
at99.9%whichmaintainsall of thedetailto thewavelet.

3.5. BL Lac

Four datasetsof this objectwereanalyzed.In eachof the
datasetstherewas a period around1.5 hours. This period
wasdominantin both wavelet programsandwassigni�cant
above the 99% level. Sincethe shortestdatasetfor BL Lac
is 3.5 hours,this meansthat the frequentlyappearingperiod
wasnot effectedby the lengthof thedataset. A wavelet for
BL Lac is shown in Figure6.

This imageshows a 95%signi�cancesheetbut if this were
to beincreasedto 99%thepeaksstill would remainabove the
signi�cancelevel.

FIG. 5.Ð ON231,index number9, (axesarethesameasin Figure2)

FIG. 6.Ð DataSet7-10-05,index number10, (axesare the sameas in
Figure2)

4. INTERPRETATION

Sinceblazarsaredistantobjectsandsynchrotronradiation
is emittedby plasmamovementat a signi�cant portionof the
speedof light, relativistic effectsmustbecalculated.Values
for thedopplerbeamingfactorswereobtainedfrom previous
studiesandwerereferencedin Table1. Theequationusedto
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TABLE 5
RELATIVISTIC PERIODICITY DATA FOR OBJECTS 0716+714, ON231, BL LAC

index # 1st periodsource(sec) ° a luminosityamplitude power increaseb velocity (m/s) length(m)

1 34151 7.18 0.069 1.172 2.97E+08 1.01E+13
2 153125 7.18 0.134 1.361 2.97E+08 4.55E+13
3 153125 7.18 0.049 1.119 2.97E+08 4.55E+13
4 128769 7.18 0.029 1.069 2.97E+08 3.83E+13
5 95835 7.18 0.024 1.057 2.97E+08 2.85E+13
6 153019 7.18 0.074 1.186 2.97E+08 4.55E+13
7 191671 7.18 0.035 1.084 2.97E+08 5.69E+13
8 161199 7.18 0.059 1.146 2.97E+08 4.79E+13
9 12593 4.6 0.159 1.442 2.93E+08 3.69E+12
10 23939 5.3 0.103 1.268 2.95E+08 7.05E+12
11 46855 5.3 0.076 1.191 2.95E+08 1.38E+13
12 16642 5.3 0.021 1.050 2.95E+08 4.90E+12
13 10625 5.3 0.024 1.057 2.95E+08 3.13E+12

a0716+714from Downsetal. (2006),ON231andBL Lac from Jiangetal. (1997)
bImpliesdensityratio̧ 0:01

�nd thedopplerbeamingfactorwas

±=
1

° (1- ¯ cosµ)
(2)

where
¯ =

v
c

(3)

and

° =
1

p
1- ¯ 2

(4)

In orderto convert from theobservedperiodto therelativistic
period,thefollowing equationwasused

¢ ¿ =
¢ ¿obs

1+z
± (5)

Whereµ wastheangleobservedto theobject,v wasthespeed
of thesynchrotronradiation,c wasthespeedof light, ¢ ¿ was
the relativistic period,¢ ¿obs was the observed periodandz
wastheredshiftfrom table1. Usingtheseequations,therest
frame periodsin Table 4 were determined. The relativistic
periodswerelongerthantheobservedperiodsdueto therel-
ativistic corrections.

Relativistic jetsarecomposedof plasmaandthereforecan
be analyzedusingplasmaprocesses.Collective emissionis
a processthat canoccurwhenan electronbeampropagates
throughplasma.As discussedin Benford (1991),collective
emissionis importantwhentheratioof densitieś beam=´ plasma
exceeds0.01. Oncethis limit is reached,thecollective emis-
sion signi�cantly overpowers the synchrotronemissionof a
singleparticle.

Benford interpretedthe rapid variations in 0917+624as
“�ux enhancements”due to this process. As the electron
beamencountersa low densityregion in theambientplasma,
collective processesform “cavitons” which thenradiatecol-
lectively. Synchrotronradiationcontrolstheenergy outputat
lowerdensityratiosandshouldcorrespondto theminimumof
thedataset.Thecavitonsareclumpsof particleswhichmove
in unisonandoscillateasaunit. As thecavitonsenterahigher
densityregionthecollectiveprocessesbecomelessimportant.
We canusethe microvariationsto estimatethe lengthof the
rare�ed regionby equation4 and

d = v¿source (6)

whered is the lengthof the region andv is the velocity as
determinedfrom ¯ . Table5 shows the result of this calcu-
lation when ° is known. Sincecollective processescould
causebrightness�uctuations,themaxluminosityof adataset
would correspondto the maximumpower due to collective
emission.Theluminosityamplitudewasfoundby calculating
the differencebetweena local maximaandminima in units
of Log(ergs/sec). After taking the inverselogarithm of this
value,thepower increasebetweensynchrotronradiationand
collective emissioncanbecalculated.If this valueis greater
than1, it impliesthatthedensityratio is ¸ 0:01.

As shown in the table,the velocity is very nearthe speed
of light which veri�es the signi�cance of the assumedrela-
tivistic effects. Using this velocity, the approximatelength
of the low densityregion canbecalculatedusingequation6.
In 0716+714the rangeof lengthfor this low densityregion
wasbetween1:01£ 1013 metersand5:69£ 1013 m. For ON
231thelengthwascalculatedto be3:69£ 1012 m. Therange
was more varied for BL Lac with the shortestlength being
3:13£ 1012 m andthelongest1:38£ 1013 m.

5. CONCLUSIONS

After applying wavelet analysison 13 datasetsobtained
from threedifferent blazars,we found somepossibleperi-
odicities. Theseperiodicitiescould be attributed to plasma
processesthat occurredwithin the relativistic jets. Onepos-
sibleinterpretationof themicrovariationsobservedcanbeat-
tributed to collective plasmaemission. This assumesa low
densityregionwithin thejet thatthebeamoccasionallyprop-
agatesthroughandcausesthe observed microvariations. In
our calculations,it appearsthat this low densityis about200
AU or aboutthesizeof oursolarsystem.
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