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ABSTRACT

We report the dects of cyclic @A length tianges (“breathing”) on focus position for a
variety of observationaktrategies.Specialattentionis givento the caseof NICMOScoro-
nagraphicobservation®f bright targets. Theseobservationsre generlly madein pairs,
with a lamge (~30) spacecatft roll between the observationse\Whd that if the pag are
forcedinto thesameorbit, there is ontheaverage a 1.6 micron secondarymotionbetween
the observations. If the paiare sepaated by an orbit, hower, on aveage the focus
variation is only 0.75 mians. The dference in aveage focus variation isven lager (a
factor of four) if only the focus variation immediately after a spafestev is consid-
ered.Thisresultsuggeststhatcoronagraphicobservationgaswell asothers verysensitive
to focus) should be put in congruent parts of consecutive orbits.

1. Introduction

As HST orbits the Earth it isxposed to &rying amounts of sunlight and Earthlight
(bothreflectedandemitted).This variationin incidentflux causeshetelescopéo expand
and contract, generally with ongate per orbit. This change in focal length causes a
change in the measured focus, and is commonly called “breathing”.

Several models hze been deeloped to measure and predict theeat of focus dea-
tionsdueto breathingThesearesummarizedn Hershg (1997).Thesimplest(developed
by Pierre Bely) uses the temperature telemetry from the light shield near the four second-
ary supportsA modelbasedn spacecrafattitudeparameterganglefrom thesunandthe
bright Earth,off nominalroll, etc.),herecalledthe“analyticalmodel”,doesa muchbetter
job of fitting the slav excursions caused by a g change in attitude. A model using
mary temperatureneasuremeni®otjustthefour temperatures Bely’smodel)hasbeen
developed.In mostcasegwithoutunusuallylargefocusexcursions)t betterdescribeshe
short- and long-term focuskiations than the analytical model. Hergseanalytical



model is \ery useful for its prediote capability: the other twwmodels can only tell what

the magnitude of the breathingsvafter the obseations were made. Thus results in this
paper are presented for identical analysis of both the analytical and the multi-temperature
models.Thelargenumberof variablesnputto theanalyticalmodelprohibitsathorougha

priori investication of diferent scheduling situations.

2. Method

The models themsedg are shen in Figure 1. The time periodwered is from 3
Augustto 13 August1997,atotal of 9.5days.Thechangdn focusdueto the HST orbital
period is olious lut does notxplain all the wariations in the functions. There are jumps
in both amplitude andvarage ®alue at uneen intenals. These arexplained by the
changingaspecbf HST whenaslew is madeto a new target.Bely’s original (“4 tempera-
ture”) model did not include these d@r \ariations, it the two models used in this
analysis do a pretty good joRemember that there are no absolute measurements of the
focus during this timeframe, tiv@ver: such measurements are generallydad fr
between. This time periodas chosen to eer that illustrated in Hersh€1997), to ease
comparison of results.

Figure 1: Analytical (left) and multi-temperature (right) models of focasations.
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We determinedhefocusvariationexpectedfor variousobsenrationstratgiesby aver-
aging the focus\er the length of the indidual exposures (10 minutes) and determining
thedifferencebetweerthe averagedor two exposureswith varying separationsThis was
done at all model points:fettively, the obseration template &ws mwoed through the
entire focus model. The results are treated statistically (meansaadoes determined)
sincethereis no generalway to tell wherein abreathingcycle the obsenationswill occur



Figure 2: Focusvariation(in micronsof secondarynotion) betweerexposureseparated
by various times (in minutes).
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Theresultfor theentiremodelrangeis shovn in Figure2. As thetwo exposuresoccur
furtherandfurtheraparttheiraveragedifferencdirst getsgreater(reachinga maximumat
half an HST orbit separation) and then smaller (reaching a minimum at one HSE orbit
separation). &1 two ten minute xposures separated by 30 minutes (roughly the situation
when two coronagraphic obsetions are made in the same orbit) théed&énce in focus
is justover 1.5microns(secondarynotion)while if the obsenationsareseparatetby one
HST orbit, the focus diérence is 0.75 microns. Separations of more than one oviit ha
higherfocusdifferenceswith minimaatintegral HST orbitsbeinglesspronouncedlueto
long-termvariability. It is clearthatthe minimumin focuschangedueto breathingwill be
when the gposures are ta&h exactly one orbit apart.

3. Effect of dlews

The high-amplitude, W frequeng variations in the focus cueg in Fig. 1 are due to
HST slewing to anew target. Thereis somehysteresisn thesystemandsothefull model
results are necessary to determine the breathing. There is no siaypie pvedict what
the breathing ariation will be follaving a slev-- it depends on what has gone on before.

TheNICMOS coronagraphiobsenationsof brighttargetswill startright afteraslew
to thetarget,sowe have brokenthefocusmodelsupinto two orbit subsetsThesefollow a
significantchangdan sunangle(i.e.,aslew to anew target)afterwhichHST stayedonthat
target for the entire tav orbits (195 min.). There were 25 of these instances in the 9.5 day
period irvestigated here.

Table 1 shws the ratio of werage focusariation when ten minute long obsations
are separated by thirty minutes, to wherythee separated by 96.5 minutes. This number
canbethoughtof astheincreasen averagegfocusvariationwhenobsenationsaremadein
the same orbit, vs. obsations made one orbit apart. Treriation in the behaor after
different slevs shavs the richness of the focuanations: focus ariation is not a simple



function. The technique for minimization of the focasiation is also apparent in both
models: pairs of obseations made right after a slewill have four times the focusavia-
tion if they are forced into the same orbit asytiéll if they are put in consecut orbits.

This factor of four (rather than thadtor of two seen when the whole 9.5 day model
time period is analyzed) ixpected because the breathing right afterwa sleneasured
only over a short period. The result from the whole 9.5 day period includeariéon
dueto simulated‘obsenations”thatspana slew, a situationthatwould not arisein actual
operations.

Table 1. Ratio of aerage focusariation immediately after a slebetween obseations
separatethy 30 min. andby 96.5min. Theaverageof thesevaluesis afactorof 3.9for the
analytical model, and a€tor of 4.1 for the multi-temperature model.

Analytical Multi-temp. Analytical Multi-temp
8.3 4.1 6.1 31
0.8 1.8 2.8 7.5
1.6 5.0 1.9 10.3
114 2.6 8.0 7.6
8.0 35 6.0 1.1
6.9 7.0 1.4 4.0
21 5.8 1.4 54
34 4.4 4.0 2.2
1.3 2.4 1.0 1.7
2.9 3.3 35 1.7
1.0 24 2.2 1.5
5.7 2.2 10.2 4.5
1.1 21




4. Conclusions

The focus wariation for &posures obtained in the same orbit will be (on tleeage)
twice aslarge asthefocusvariationbetweerthe sameexposuresakenanorbit apart.The
variation diference getswen higher if the analysis is limited to the time right after a
spacecraft slg. In general thex@osures separated by an orbit wil’eane quarter the
focus \ariation of &posures taén in the same orbit, immediately after arsle

NICMOS coronagraphic obsetions of bright tagets (that are done with a pair of
obsenations separated by a roll of°30r so) will particularly benefit from kang their
halves scheduled at congruent parts of adjacent orbits. The breatbiagepeats well
over this short period, enabling substantial elimination of the foauation.
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