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This report addresses scientific research and science edu- -+ Jeffrey J.(Jeff) Goldstein, Vice President for Space Sci-
cation and public outreach efforts conducted within the De- ~ ence ResearchPh.D. University of Pennsylvania,
partment of Space Science Research of Challenger Center for 1989 — Planetary atmospheric dynamics and struc-
Space Science Education, headquartered in Alexandria, Vir-  ture; infrared heterodyne spectroscopy.
ginia. The period covered by this report is November 1, 2002 < Timothy A. (Tim) Livengood, Staff Researcher, Astro-

through October 31, 2003. physics(Ph.D. The Johns Hopkins University, 1992
Composition and structure of planetary atmospheres,
1. FOREWORD planetary aurorae, infrared and ultraviolet remote-

Challenger Center for Space Science Education is a global sensing of planetary systems,

not-for-profit organization created in 1986 by the families of ¢ Hari A. T. Vanhala, Staff Researcher, Astrophysics
the crew of the space shuti@hallenger STS 51-L, to carry (Ph.D. University of Oulu, 1997— Stellar and plan-
out the science and mathematics education mission of that etary formation processes.

flight. Challenger Center’s most visible activity in pursuit of ~ SSR staff also include personnel with specific responsi-
this goal is the network of Challenger Learning Centerdbilities to support education and public outreach programs of
(forty-eight at writing in the United States, Canada, and thethe department.

United Kingdom, in which student crews man a simulated .

mission-control center and a simulated spacecraft to experf-2 Changes in 20022003

ence an adventure in collaborative learning about space flight Total department staff now number ten, after the depar-

and the space environment. Challenger Center is responsibigre of three members of the professional staff in the past
for a range of classroom products, and for education angear:

public outreach programs of national scope, includiogr-

ney through the Universspace flight mission-related E&PO = Dr. Mary L. Radnofsky left the department in January

services(presently supporting the MESSENGER mission to {0 take a teaching position in the Republic of China.

Mercury), a speakers’ bureau, an International Faculty of < Dr. Agnes Pasco Conaty left the department in June.

space science educators, and teacher-training programs.e. Dr. Matt Bobrowsky left the department in September

Challenger Center is the lead organizatigvith the Smith- to take a position as an outreach scientist at the Space

sonian Institution and NASAIn the Voyagescale-model so- Telescope Science Institute.

lar system exhibition on the National Mall in Washington,

DC, and is responsible for associated educational materias FACILITIES

and for supporting replication of the model at other sites. Challenger Center owns and occupies a building at Pitt
The Department of Space Science Resed®BR was  Street Centre in Alexandria, Virginia. The Department of

created within Challenger Center in 1998 to make a home foSpace Science Research resides on the third floor. On-site

practicing scientists engaged in active scholarly researcfacilities include the Challenger Learning Center of Greater

who also have the desire to contribute to public knowledgéNashington and the EdVenture Lab, a prototype “smart-

and understanding of science. Challenger Center staff scieiglassroom” facility with multimedia capabilities for semi-

tists are engaged in observational and theoretical astronomirars, educator training, and other presentations. Additional

cal investigations using ground- and space-based facilitiespace is available for future expansion and for possible op-

working on-site, in the field, and with collaborators at othertics laboratory facilities.

institutions. SSR staff are responsible for ensuring the high-

est level of scientific accuracy in all Challenger Center prod4. RESEARCH ACTIVITIES

ucts. S_SR scientistg and educat0fs. are actively engaged Jf.'l Planetary Atmospheres

education and public outreach activities through: collabora-

tion in the preparation and production of curricular materials; T. A. Livengood investigates chemical abundances, ther-

leading educator workshops on Challenger Center-develope#ial profiles, and dynamics in planetary atmospheres, in col-

curricular materials; visiting classrooms; and the presental@boration with Th. Kostiuk and colleagues at NASA’s God-

tion of Family Science Night programs at the National Air dard Space Flight Cent¢GSFQ, and with T. Hewagama at

and Space Museum and other venues. the University of Maryland, College Park, using GSFC’s
Heterodyne Instrument for Planetary Winds and Composi-
2. PERSONNEL tion (HIPWAC). In 2003, Livengood reported at the AAS

Division for Planetary Sciences meeting on observations of

the meridional distribution of nonthermal emission by £O
The professional staff of the Department of Space Scienci the upper atmosphere of Mars, and co-authored reports on

Research, and their research interests, consists of measurements of the meridional concentration of ozone in

2.1 Present Staff
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Mars’ atmosphere and on seasonal variability of the thermal Before his departure from Challenger Center, M. Bo-
structure and hydrocarbon concentration in the atmosphetfgrowsky continued his investigation of the formation of
of Saturn. These projects support the Mars Global Surveyoplanetary nebulae, using imaging and spectroscopic studies
mission and the continued exploraiton of Mars ioysitu  of proto-planetary nebulae. Bobrowsky collaborated with A.
spacecraft, and support th@assini mission to the Saturn Riera, P. Gar@-Lario, A. Manchado, and R. Estalella to
system. Ground-based observations accomplished during thisport inAstronomy and Astrophysics the proto-planetary
year include measurements of ethane emission from Jupiterisebula Hen 31475, finding that it shows a remarkable
auroral regions; spectroscopy of ozone emission from thaighly collimated optical jet with an S-shaped string of
atmosphere of Mars; spectroscopy of ozone signatures in thehock-excited knots. Extremely high velocities have been
Earth’s atmosphere; observations of the meridional concembserved in the innermost regions of its jet. Bobrowsky col-
tration of CQ non-thermal emission on Matked by Liven-  laborated on a report by T. B. O’Ha(#l. of lllinois, Urbana-
good; and preliminary observations seeking to detect theChampaigh presented at the 281imeeting of the AAS, re-
presence of ethane in the stratosphere of Urdieasby Liv-  porting on infrared imaging observations of a detached
engood; results inconclusive toroidal dust shell around HD 168625. This object is a can-
J. Goldstein is collaborating with F. Schifing (First  didate Luminous Blue Variable star that apparently under-
Physical Institute, Universitat zu Kw in the study of atmo- went a major mass-loss episode several hundred years ago.
spheric dynamics on Venus and the subsolar-to-antisolafrhe morphology of the dust ring is consistent with the inter-
flow. Livengood and Goldstein together are collaboratingaction of a fast wind with a pre-existing density contrast in
with Th. Kostiuk in research on the wind direction and mag-the neaighboring interstellar medium.
nitude of zonal flow in the equatorial region of Saturn’s
moon, Titan. The zonal ﬂow_velocny is rr_leasured_ by’ COM-c  -HUCATION AND PUBLIC OUTREACH
parison of ethane spectral line frequencies at Titan's Eaﬁ ITIATIVES OF SSR
limb vs.the West limb, retieving a present value of 21050 ) ]
m/s. Observations are planned for December 2003 at the Na- 1€ Department of Space Science Research is the lead

tional Astronomical Observatory of Japan's Subaru 8m teledepartment at Challenger Center in several education and

scope facility to pursue significantly improved measure-Public outreach(E&PO) efforts of local and of national
ments. SCope.

T. A. Livengood’s research effort is supported by a Co-
operative Agreement between Challenger Center and God.1 Journey through the Universe
dard Space Flight Center. J. Goldstein’s research effort is

supported by Challenger Center operating funds. Four “JourneyWeeks” have been held since the begin-

ning of November 2002, in: San Diego California; Marquette
and Alger Counties, Michigan; Labette County, Kansas; and
in Washington, DC Public Schools and schools of the Catho-
H. A. T. Vanhala is investiga‘ting the hypothesis of thehc Archdiocese of Washington. A total &26,000 students

triggered origin of the solar system — the idea that the for-were contacted directly by 45 scientists in nearly 600 class-
mation of the solar system was initiated when an interstellafoom Vvisits, including SSR staff and volunteer Visiting Re-
shock wave propagating from a nearby explosive stellafearchers; teacher workshops were held in ezwmiwrney
event impacted on a molecular cloud core from which the/Veek, preparing=400 teachers to use Challenger Center
solar system was formed. This research has been conduct€lrricular materials; ane- 2500 students, teachers, and fam-
in collaboration with A. P. BosgCarnegie Institution of ily members attended Family Science Night events to expe-
Washingtoi. An appreciable fraction of radioactive isotopes fience a family field trip to the frontier of space exploration.
carried by the shock wave could have been injected into the All Journeyeducation module components are developed
forming solar system, in this manner leaving a record of they starting from the National Science Education Standards,
event in meteoritic material. Calculations reveal that the disf0 assure maximum compliance with local standards, and
tribution of radioactive species in the early solar systeninclude complete lesson plans, facilitation schemes, and

could have been spatially or temporally heterogeneous. ~ grading rubrics to provide for maximum utility within the
classroom. In Washington, DC, annual compendia of mate-

rials have been developed tied to the DCPS content and per-
formance standards, constituting the adopted curriculum for
Earth and Space Science at th€@ §rade level. Approxi-

H. A. T. Vanhala, with S. G. StarrfieldArizona State mately 625 pages of new curricular material has been devel-
University) and W. R. Hix(University of Tennessee / Oak oped by scientist/instructional designer teams during the past
Ridge National Laboratojy has continued the development year and will be presented fourneyWeeks planned for the
of a numerical simulation code to investigate classical novaoming year.Journey through the Universeducation mod-
outbursts. Calculations carried out with the code are exules are made freely available to the public on the world-
pected to answer open questions about thermonuclear rumide web through http://www.challenger.org/teaching/
aways in the accreted hydrogen rich envelope on the whiteommunity/index.html.
dwarf component of a close binary system, the source of The Journey through the Univers@énnual Conference
classical nova outbursts. was held at the National Science Teachers Association an-

4.2 Star Formation

4.3 Late Stages of Stellar Evolution and Planetary
Nebulae
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nual convention in Philadelphia, PA, in March 2003. Repre-5.3 Family Science Night at the National Air
sentatives from this past yead®urneycommunities were in  and Space Museum
attendance, as well as representatives from most of the pre-

vious five Journeycommunities. Science Nights in the Lockheed-Martin IMAX theater of the

The nationalJourney through the Universp’rogram s . National Air and Space Museum, for schools within the
supported by grants from NASA Headquarters’ Office of Mi-\yaghington, DC metropolitan area. This program is indepen-

nority Univgrsity Research apd Education Prpgrams and byjent of Family Science Night events within tBurney
NASA'’s Offices of Space Science, Space Flight, and Earthnrough the Universprogram. The FSN program consists of

Science. The Washington, DIburneyeffort is supported by  an after-hours tour of the central Milestones of Flight Gal-
contributions from District of Columbia Public Schools, lery, a half-hour talk on a space science theme by a Chal-

from ARAMARK Corporation, and from Trinity College. J. lenger Center or volunteer scientist, and showing of an
Goldstein is the Pl of thdourney through the Univerggo-  IMAX film on a related theme. During the reporting period,
gram. ten FSN events were conducted at NASM, reaching a total
5 2 MESSENGER Education and Public Outreach audience of 3620 parents, children, and teachers.

' The FSN program at the National Air and Space Museum
g’s funded by the National Space Club.

Challenger Center conducts a regular series of Family

Challenger Center is responsible for a large portion o
materials development and public presentations for the
E&PO component of the MESSENGER mission to Mercury.5.4 VoyageScale Model Solar System
Overall direction of the MESSENGER education and public . . . I
Voyageis a permanent open-air space science exhibition

Ellﬁrsezcheegfgrt dISS the E;pﬁngbﬂﬂy af AS'TS\t/OCkkT?nhaton the National Mall in Washington, DC. Théoyageex-
s Goddard Space Flight Center. H. A. T. Vanhala has,;; - ngjsts of 13 stations forming a scale model solar sys-

been leading the development of grade 5-12 curricular Magy, that accurately represents orbital distance as well as the
terials for the first MESSENGER education module, dis-gjze of the major objects in the solar system using a single
seminated at a workshop for MESSENGER Educator Felscale; one of the 13 stations represents comets, asteroids, and
lows and in JttU programs. Members of the MESSENGERyther planetesimals in the solar system, one represents the
engineering team have participated as consultants in matefposition ofVoyagerl on its way out of the solar system, one
als development and as visiting researchersJaurney represents the Sun, and one acts as an entry point to the
Weeks, including the October 2003 Washington, D@ir-  exhibit. The entire exhibit stretches over approximately 600
ney Week. yards, from the East end of the National Air and Space Mu-
Much of the MESSENGER education module deploy-seum to the Smithsonian Institution’s Castle. Challenger
ment is handled by a cadre of Educator Fellows, volunteer§enter is the lead organization in tkleyageproject and has
who have applied for and taken training with the materials'eSponsibility for the development and deployment of educa-

and whose application includes an implementation plan tdional materials and replication of the model for installation

pursue venues in which to deliver workshops and public pre@t Other sites.

sentations to train formal and informal science educators ang_ Voyagewas mad_e pos_3|ble by grants from the Nat_|onal
. . . Air and Space Adminstration and through the cooperation of
to directly deliver content to students and the general public,

The MESSENGER Fellowship program selection was con-the Smithsonian Institution.

ducted in the Spring of 2003, resulting in the selection of 19
MESSENGER Educator Fellows. The Educator Fellowship5.5 Voyages Across the Universgpeakers’ Bureau

workshop was held in Washington, DC in June 2003, at TheV A the Uni kers' B
which the Fellows were introduced to lesson plans and fa- e Voyages Across the UniverSipeakers’ Bureau was

cilitation training on topics such as replicatin Herschel’sInitiated in late 2002, at the beginning of the reporting pe-
9 P P 9 riod. SSR staff scientists have delivered 13 presentations to

detection of infrared radiation using a prism and thermom-audiences in Delaware, Maryland, Ohio, Virginia, and

etry, as yvell as (.a?(ploring the properties of.the space e”YirOT‘lemgan. The audience total to date 465500 people. Of
ment, with specific reference to the en_ab_llng tecr_mologles iMhese, 1115 were teachers, 1900 were families attending
the MESSENGER spacecraft and mission design that ad=amily Science Nights in their community, and 2425 were

dress its cruise and operational environment. The MESSENstydents in their schools participating in classroom visits or
GER curriculum materials also were presented, in less detaifp auditorium presentations.

at the annual Challenger Learning Center Flight Directors’
Conference in Kansas City, Missouri, in August. i

The MESSENGER education modules developed so fap-6 Support for Challenger Learning Centers
are available freely on the world-wide web at http://  The Space Science Research Department contributes to
btc.montana.edu/ceress/MESSENGER/epomain.htm.  Chathe accuracy and depth of content used in flight simulation
lenger Center’s participation in MESSENGER E&PO pro-scenarios conducted within the 48 operational Challenger
grams is supported by a contract from the Carnegidearning Centers; Challenger Centger se provides the
Institution of Washington. content for Learning Center missions, but CLC’s are other-
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wise independent. Before his departure, M. Bobrowsky thisCenters and providing input to ongoing maintenance of sce-
year conducted a thorough review and revision of materialgario content.

supporting the scenarioRendezvous with a _Corﬁ@‘t and b BLICATIONS

Rendezvous with Comet Hall&y incorporating the best
current scientific understanding of comets in general and of N publication list includes all refereed papers published
Comet Halley in particular. This revision was supported bybetween November 1, 2002 and October 31, 2003 by SSR
contributions from T. A. Livengood and from H. A. T. Van- Staff. ) .

hala as well as calling upon outside experts as needed. THera, A, P. Gara-Lario, A. ManchadoM. Bobrowsky
results of this review were presented at the annual Chal- and R. Estalella, 2003, “The high-velocity outflow in the
lenger Learning Center Flight Directors’ Conference held in  Proto-planetary nebula Hen-31475,” Astron. and As-
Kansas City, Missouri in August. SSR staff scientists addi- FoPhys., 401, 1039-1056.

tionally provided support in response to ongoing needs of the Timothy A. Livengood
Learning Center Network, responding to questions from the Jeffrey J. Goldstein



