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Wright’s Milky Way (1750)

%= Milky Way is thin shell of stars, which
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10.30 a. m.—12:30 p. m.

200 p. mi—4.30 p. m

8.15 p. m.

9.30 p. m.

MONDAY, APRIL 26
MORNING SESSION

Joux M. Crarxe: Conservation of natural resources as a
proper function of the National Academy. (15 minutes.)

Raymoxp Pearr: On the rate of growth of the population
of the U .1cd States since 1700 and its mathematical
expression (illustrated). (15 minutes.)

Franz Boas: Growth and development as determined by
environmental influences. (15 minutes.)

Cuarces B. Davexrorr: Plural births in man (illustrated).
(12 minutes.)

Samuzrr J. Merrzer: The importance of the presence of
both sympathetic superior cervical ganglia to the main-

nce of Ixfc and their possible relations to respiratory

ses 5 tes.

CnA nq l) Warcorr: Structure of Marrella and allied
Middle C 'wn“)rx:m crustaceans. (15 minutes.)

JaysEs R. Ax : The National Research Council (illus-
trated). (2 m:nutc.‘.)

ROBERT M. YERKES (introduced by E. L., Thorndike): A
psychological study of the medical officers in the Army.
(15 minutes.)

AFTERNOON SESSION

Roregr W. Woon: qp'ttrow Up.(‘ p.lcuomcna of very long
vacuum tub

L. T. E. THOMPSOY 3 'md N. anlr(.nlro-
duced by Arthur G. W L'Iwur) The measurement of small
time intervals and some applications, principally ballistic.
(10 minutes.)

Ronerr A. .\hlx.n-“\.\': The effect of molecular structure upon
the reflection of molecules from the surface of liquids
and solids (illustrated). (12 minutes.)

Am‘uLn G W ‘he Springfield rifle and the Leduc

8.)

Am‘uu\ 3. WrESTER: Somenew methods in internal ballistics
of the \prmgf'cl 1 rifle. (15 minutes.)

Grorcr E. Harg he 100-inch Hooker teles scope of the Mt.
Wilson ()bwr'.amr) (illustrated). (15 minutes.)

A. A. MicarsrLsox: The vertical interferometer,
Preliminary tests in an attempt to measure the diameter of
the stars.
A modif
distance measurement of the veloci
(30 minutes.)

ArTHUR (. Wessrer: Prelin asurements on the pres-
sur n the “Onde n!c Choc.” (15« :2c< )

ARTHU . WeesTER: On the co:‘.m-clion of the specific heats
with :hc equation of state of a gas. (10 xmnutu)

Eowix H. Hawy: Thermal conductivity of metals. (15 min-
utes.)

ation of the Foucault method adapted to long-
y of light (illustrated).

{RY HALE LrcTUurgs, Discussion: The Scaleof
By Harlow Shapley, Mount Wilson Solar
, and Heber D. Curtis, Lick Observatory.
(Ill.z trated), (opcnto the public), U. S. National Museum
(main auditorinam).

w ILLIAM Er,

Conversazione. Galleries, U. S. National Museum,
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K#¥ie” (The Great Debate) ,
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HiEHERA T HE K E F AT ERA
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o 1923 —1924 EE y ﬂ% $}] *IJ m ﬁ‘l: :_F ﬁ /]/_{ iﬂ IJ_I e 5;-9h£ curve ofCeph‘eid e galaxy M31
o EMIIFSBL/LHNEREE

o MESETMIIRHIBEEEMN RS

o HERXTERNXXR, EITMIIHESR d ~
285 kpc (1005 Y¢4E)

o KTFHREHEKKRERESE, B AFibE
FHRHASRA B A (~100kpe, 30 FE) j

o WEZERHNESTTBE T RARNRE
: M3LRE—1RIAR—HNER, Fi
MIMNEFR
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+ The Bigger, The Better!

o OMK, Bytaehlusm, wae
E3l) SGEE]p NS
o HEE ~ D2

o AORFRHMAK, BRHEo AT,
Vak ;P X AR RN
o FHRZR=1.22)\/D

16-Inch
Telescope

10-Inch
Telescope

6-Inch
Telescope

THE BIGGER THE BETTER

YERKES OBERVATORY
(40" refractor lens at the
same scale)

Williams Bay, Wisconsin (1893)

GREAT PARIS EXHIBITION
TELESCOPE
(49" lens at the same scale)
Paris, France 1900

HOOKER (1007
Mt Wilson, California

an
HALE (2007 BTA-6
Mt Palomar, (Large Altazimuth Telescope)
California (1948) Zelenchuksky, Russia
1975)

(1979-1998) (1979-1998)

MULTI MIRROR TELESCOPE
Mt Hopkins, Arizona

KECK TELESCOPE
Mauna Kea,
Hawaii (1993/1996)

2

VERY LARGE TELESCOPE
Cerro Paranal, Chile
(1998-2000)

GEMINI SOUTH MAGELLAN TELESCOPES
Cerro Pachén Las Campanas Chile
Chile (2000) (2000/2002)

LARGE ZENITH TELESCOPE
British Columbia, Canada
(2003)

LARGE BINOCULAR TELESCOPE

Mt Graham, Arizona
(2005)

GRAN TELESCOPIO CANARIAS

La Palma, Canary Islands,
Spain (2007)

L]
KEPLER
Earth-trailing
solar orbit
(2009)

s

JAMES WEBB
SPACE TELESCOPE
Earth-Sun L2 point

(planned 2018)

Human
at the same scale

5 10m
S S
10 20 30ft

LARGE SYNOPTIC
SURVEY TELESCOPE
El Penén, Chile
(planned 2020)

THIRTY METER TELESCOPE
Mauna Kea, Hawaii (planned 2022)

GIANT MAGELLAN TELESCOPE
Las Campanas Observatory,
Chile (planned 2022/2025)

EUROPEAN EXTREMELY LARGE TELESCOPE

Cerro Armazones, Chile
(planned 2022)
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o B#L (25%XK) -MFkE (4.2]EXK) -HEk
R (1.26K) -#A% (2.5K) - ERXEXRF?

o W/REBIEE (Hale Telescope)

¢
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*

*

*

FHEORRE5.12K, 200%F, P200, F|A0ME
PARLS LT EHRI713K, EEHTH

REIEEEESS: 600FESE GERIFH)
BNKEABIEE > 5000, HFHIRE

19365E 8, 1948EER (BEL2E/Ri
10 LR)

o RKEJE, BRETHEBANBTHA R
HURPR. SRSEREALE?

o THRIIRETLH: MTHEBIKI200%KEH
eI, BAHEIRERITHREIESE
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Keck 1& 2: 2 x 10m

Large Binocular Telescope Southern African Gran Telescopio Canarias

(LBT): 2x8.4 Large Telescope:9.2m  (GTC): 10.4m
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Newtonian
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The world's first Coude
reflecting telescope

coide
fooms

—RAORRHETFE—RIEE
ELRSG.,. FERHRS (FtH
F45° BIEER, WERERRSD .\
MR GFHMNERS.
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Prime Focus
Secondary Mirror
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NAOC 2.16-m Telescope Lijiang 2.4-m Telescope



3. FARZER (1) FEBhH Active Optics

ity e ., . New
e el | Technology

Telescope
3.587K
19893 Rk

P200: O%85.1m, 1949- 19921t5% T/LT4?|“<|§J1‘¥8.25|6*£‘
RAOREREE., THESE145M  ERF{VI18EN.
, EE498EXK (MHERSHR)




3. BARZERE (1) HHEEE

ZEmMETE: 6
. MLeKREmA
R, 6.5KMMT
(~4.5%)

B|AHEH361.85K
topavrbiZi e
BmAL, BB
A ?fﬁ-iﬁ]g, I%‘D

RAL0K

P200: [&5.1m, 1949- 1992HR Keck Telescope

BRAORERE. EHEE145M 19934EH T [ 2. 1996EE] 3 [[ 2
B 10 B FYmIS FHle "532



3. *ﬁ?ﬁ?@ﬁ& (III) Eiﬁ &%%‘_ Adaptive optics

*

HR R PRSP EEACAMEBIEHR O EDMEX 0=1.220/D (FT5HHIR)

o OMBARINE; \BKIK, Bfim; DRERFEORE, BfIm.
e ABRD=3mm=0.003m, A =6000A=6x10"m, 0 =2.44x103E ~ 1 &%
o MIE10cmIEFEEIEEE 0=1arcsec; KeckEImED=10m, 4= ~ 0.005/F

Light in space Light hitting the
Parallel light space telescope mirror
rays from star

Space telescope ‘ E .lll

41 Incoming light rays remain 2 The parallel light
parallel because they do not rays reach the mirror
pass through the atmosphere. and bounce back to

cross at a single
focal point.

Resulting
image

3 The result is
a clearer
image.
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3. BARZER (1) BEMNE

ER RIS PR SN AAFR TSR O EDHEX 6=1.220/D (fT531RER)

o ORVRNRINE; ARHKK, BfIm; DREEZTHRORE, H{um.

Adaptive optics

o ABR D =3mm=0.003m, A =6000A=6x10"7m, 0 = 2.44x1033\E ~ 1 A%

o MBE10cMMEFEE mEE 0=1arcsec;

o NYUEXRSUTEHR, HEI0KE

Site Seeing
La Palma 0.64
Cerro Paranal 0.81
Mauna Kea 0.75
Maidanak 0.69
Armazones 0.64
Oukaimeden 0.84
Aklim 0.72

Light in the atmosphere

Parallel light
rays from star

Air pockets
acting like
lenses

Ground-based telescope [ a

KeckEiZED=10m, 47#8Z ~ 0.005FH#

EHRMI0cmBIZ IR 6] 53 R HHIA

Light hitting the
ground-based
telescope mirror

1 The uneven heating and cooling
of the atmosphere creates
moving bundles, or pockets, of
air. These air pockets act like
little lenses. The parallel light
rays hit the bundles and bend
in unpredictable ways.

2 The light rays bent by
the atmosphere hit the
mirror at different
angles. The reflected
rays cross at many
shifting points, instead

of at one focal point.

Resulting
image

3 The result
is a blurry,
shifting
image of
the star.
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3. {Iﬁ?ﬁ?@ﬁ& (III) Eiﬁ F:‘L%%ﬁ Adaptive optics

Light in the atmosphere Light hitting the Resulting

o ERATTHERBHERASE ISR graitng | e
BREIAERIE: B (BR) 5188 7, ..
CREERE. TERE. BRRs =

Ground-based telescope ( :E/ .

2 4 The uneven heating and cooling 2 The light rays bent by The result
L'g ht From of the atmosphere creates the atmosphere hit the : is a blurry,
T ' moving bundles, or pockets, of mirror at different shifting

e escope air. These air pockets act like angles. The reflected image of

little lenses. The parallel light rays cross at many the star.
rays hit the bundles and bend shifting points, instead
in unpredictable ways. of at one focal point.

NV

Adaptive
Mirror

Distorted

TRV The Galactic Center at 2.2 microns

3>
o uN .
: > Beamsplitter
l_ iy
Corrected
i Wavefront
1
A
1
1
ot } |
1
1
]
]
1
1
i High-resolution
= g e Camera Adaptive Optics
Sensor Adaptive Optics
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1RXS 1184542.4+483134 = USNO-B1.0 1385-0291789
,\188
B d+30%
e . . 3 .-, °
. B P
|
»
. B
- . - - ™ -
1953 July 11 POSS-I Blue plate 1990 June 26 POSS-II Blue plate
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Vera C. Rubin: S—{FIHAP20088 &4
ANER, BEEERLIEWN, 53
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AAT 2ERIZE RO B KX (2dFGRS

) : 32iRNLF, BIRAEABESH L SDSSHEEN: XAEE—FILAE
BN, TUR—aE TN REEE BEEMAHFANRKRL, BRE
FFFEMEEELE L (EE4504) BEm@F L. 640fR. 100018 FE4F

Since 2001: 245591 objects Since 2000: 930,000 galaxies4o
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. The End of Optical Fibers

-/r/— Eccentric rotation mechanism
\

ST \

' &)

B\ qape
e ;
A {
360° ;
: - 7N\ Center rotation mechanism
‘ ¥

FMAAEMETHENEE RS

Optical fiber end face

i
_u

S
P~

t ..\‘-\5‘\‘“‘*( \Q\\l‘i X

SDSS-IV Dissects 10,000 Galaxies
-3 in Nearby Universe

LAMOST: 400023037 E L B4R EE AN Bk
£H. SRSGEENEMNRE, BEEXEHN
32X, ATURERERRAHNERES

"integral field units™
(IFUs)

41
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Infrared | Combined

Protostellar Jet in BHR 71 Dark Cloud Spitzer Space Telescope ¢ IRAC
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GIANT EUROPEAN THIRTY
MAGELLAN EXTREMELY LARGE METER
TELESCOPE TELESCOPE TELESCOPE

MAIN MIRROR DIAMETER: MAIN MIRROR DIAMETER: MAIN MIRROR DIAMETER:

80 feet (24.5m) 129 feet (39.3 m) 18 feet (30 m

MIRROR SEGMENTS: 7 MIRROR SEGMENTS: 798 MIRROR SEGMENTS: 4952
LOCATION: Las Campanas LOCATION: Cerro Armazones, Chile LOCATION: Mauna Kea, Hawal
Observatory, Chils PLANNED OPERATIONAL START: early 20205 PLANNED OPERATIONAL START:
PLANNED OPERATIONAL START: early 2020s
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¢ The James Webb Space Telescope will be a giant leap forward in our quest
to understand the Universe and our origins.

o Webb will examine every phase of cosmic history: from the first luminous
glows after the Big Bang to the formation of galaxies, stars, and planets to
the evolution of our own solar system.
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First Light & Relonization

¢ \When and how did reionization occur?
¢ \What sources caused reionization?
o What are the first galaxies?
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Pattern Dark Ages Development of
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Assembly of Galaxies

How are galaxies are formed?

What gives them their shapes?

How are the chemical elements distributed through the galaxies?

How do the central black holes in galaxies influence their host galaxies?
What happens when small and large galaxies collide or join together?

® 6 O o o




Birth of Stars & Protoplanetary Systems

How do clouds of gas and dust collapse to form stars?
Why do most stars form in groups?

Exactly how do planetary systems form?

How do stars evolve and release the heavy elements they produce back into
space for recycling into new generations of stars and planets?
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Planets & Origins of Life

o Do planets in a planetary system form in place,
or travel inwards after forming in the outer
reaches of the system?

¢ How do planets reach their ultimate orbits?

+ Can we find planets orbiting in the habitable
zones of stars where it is possible for water, or
perhaps life, to exist?

+ How did life develop on Earth? Was there ever
life on Mars?

+ Do comets and other distant icy bodies contain §
clues to our origins?
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