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ABSTRACT

We report the effects of cyclic OTA length changes (“breathing”) on focus position for a
varietyof observationalstrategies.Specialattentionis givento thecaseof NICMOScoro-
nagraphicobservationsof bright targets.Theseobservationsaregenerally madein pairs,
with a large (~30°) spacecraft roll between the observations. We find that if the pairs are
forcedinto thesameorbit, there is ontheaveragea 1.6micronsecondarymotionbetween
the observations. If the pairs are separated by an orbit, however, on average the focus
variation is only 0.75 microns. The difference in average focus variation is even larger (a
factor of four) if only the focus variation immediately after a spacecraft slew is consid-
ered.Thisresultsuggeststhatcoronagraphicobservations(aswell asothersverysensitive
to focus) should be put in congruent parts of consecutive orbits.

1. Introduction

As HST orbits the Earth it is exposed to varying amounts of sunlight and Earthlight
(bothreflectedandemitted).Thisvariationin incidentflux causesthetelescopeto expand
and contract, generally with one cycle per orbit. This change in focal length causes a
change in the measured focus, and is commonly called “breathing”.

Several models have been developed to measure and predict the extent of focus devia-
tionsdueto breathing.Thesearesummarizedin Hershey (1997).Thesimplest(developed
by Pierre Bely) uses the temperature telemetry from the light shield near the four second-
arysupports.A modelbasedonspacecraftattitudeparameters(anglefrom thesunandthe
brightEarth,off nominalroll, etc.),herecalledthe“analyticalmodel”,doesamuchbetter
job of fitting the slow excursions caused by a large change in attitude. A model using
many temperaturemeasurements(not just thefour temperaturesin Bely’smodel)hasbeen
developed.In mostcases(withoutunusuallylargefocusexcursions)it betterdescribesthe
short- and long-term focus variations than the analytical model. Hershey’s analytical
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model is very useful for its predictive capability: the other two models can only tell what
the magnitude of the breathing was after the observations were made. Thus results in this
paper are presented for identical analysis of both the analytical and the multi-temperature
models.Thelargenumberof variablesinput to theanalyticalmodelprohibitsathorougha
priori investigation of different scheduling situations.

2. Method

The models themselves are shown in Figure 1. The time period covered is from 3
Augustto 13August1997,a totalof 9.5days.Thechangein focusdueto theHSTorbital
period is obvious but does not explain all the variations in the functions. There are jumps
in both amplitude and average value at uneven intervals. These are explained by the
changingaspectof HSTwhenaslew is madeto anew target.Bely’soriginal (“4 tempera-
ture”) model did not include these larger variations, but the two models used in this
analysis do a pretty good job. Remember that there are no absolute measurements of the
focus during this timeframe, however: such measurements are generally few and far
between. This time period was chosen to cover that illustrated in Hershey (1997), to ease
comparison of results.

Figure 1: Analytical (left) and multi-temperature (right) models of focus variations.

Wedeterminedthefocusvariationexpectedfor variousobservationstrategiesby aver-
aging the focus over the length of the individual exposures (10 minutes) and determining
thedifferencebetweentheaveragesfor two exposureswith varyingseparations.Thiswas
done at all model points: effectively, the observation template was moved through the
entire focus model. The results are treated statistically (means and variances determined)
sincethereis nogeneralway to tell wherein abreathingcycle theobservationswill occur.
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Figure 2: Focusvariation(in micronsof secondarymotion)betweenexposuresseparated
by various times (in minutes).

Theresultfor theentiremodelrangeis shown in Figure2. As thetwo exposuresoccur
furtherandfurtherapart,theiraveragedifferencefirst getsgreater(reachingamaximumat
half an HST orbit’s separation) and then smaller (reaching a minimum at one HST orbit’s
separation). For two ten minute exposures separated by 30 minutes (roughly the situation
when two coronagraphic observations are made in the same orbit) the difference in focus
is justover1.5microns(secondarymotion)while if theobservationsareseparatedby one
HST orbit, the focus difference is 0.75 microns. Separations of more than one orbit have
higherfocusdifferences,with minimaat integralHSTorbitsbeinglesspronounceddueto
long-termvariability. It is clearthattheminimumin focuschangedueto breathingwill be
when the exposures are taken exactly one orbit apart.

3. Effect of slews

The high-amplitude, low frequency variations in the focus curves in Fig. 1 are due to
HSTslewing to anew target.Thereis somehysteresisin thesystem,andsothefull model
results are necessary to determine the breathing. There is no simple way to predict what
the breathing variation will be following a slew-- it depends on what has gone on before.

TheNICMOScoronagraphicobservationsof bright targetswill startright afteraslew
to thetarget,sowehavebrokenthefocusmodelsupinto two orbit subsets.Thesefollow a
significantchangein sunangle(i.e.,aslew to anew target)afterwhichHSTstayedonthat
target for the entire two orbits (195 min.). There were 25 of these instances in the 9.5 day
period investigated here.

Table 1 shows the ratio of average focus variation when ten minute long observations
are separated by thirty minutes, to when they are separated by 96.5 minutes. This number
canbethoughtof astheincreasein averagefocusvariationwhenobservationsaremadein
the same orbit, vs. observations made one orbit apart. The variation in the behavior after
different slews shows the richness of the focus variations: focus variation is not a simple
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function. The technique for minimization of the focus variation is also apparent in both
models: pairs of observations made right after a slew will have four times the focus varia-
tion if they are forced into the same orbit as they will if they are put in consecutive orbits.

This factor of four (rather than the factor of two seen when the whole 9.5 day model
time period is analyzed) is expected because the breathing right after a slew is measured
only over a short period. The result from the whole 9.5 day period includes the variation
dueto simulated“observations”thatspanaslew, asituationthatwouldnotarisein actual
operations.

Table 1. Ratio of average focus variation immediately after a slew, between observations
separatedby 30min. andby 96.5min. Theaverageof thesevaluesis afactorof 3.9for the
analytical model, and a factor of 4.1 for the multi-temperature model.

Analytical Multi-temp. Analytical Multi-temp

8.3 4.1 6.1 3.1

0.8 1.8 2.8 7.5

1.6 5.0 1.9 10.3

11.4 2.6 8.0 7.6

8.0 3.5 6.0 1.1

6.9 7.0 1.4 4.0

2.1 5.8 1.4 5.4

3.4 4.4 4.0 2.2

1.3 2.4 1.0 1.7

2.9 3.3 3.5 1.7

1.0 2.4 2.2 1.5

5.7 2.2 10.2 4.5

1.1 2.1
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4. Conclusions

The focus variation for exposures obtained in the same orbit will be (on the average)
twiceaslargeasthefocusvariationbetweenthesameexposurestakenanorbit apart.The
variation difference gets even higher if the analysis is limited to the time right after a
spacecraft slew. In general the exposures separated by an orbit will have one quarter the
focus variation of exposures taken in the same orbit, immediately after a slew.

NICMOS coronagraphic observations of bright targets (that are done with a pair of
observations separated by a roll of 30° or so) will particularly benefit from having their
halves scheduled at congruent parts of adjacent orbits. The breathing cycle repeats well
over this short period, enabling substantial elimination of the focus variation.
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