Virginia Trimble/Bozena Czerny

Before OGLE
Opened its Eyes
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Virginia Trimble & Bozena Czerny in
June 2015 attending an Opening
Ceremony of the private observatory
of Bohdan Wszotek and his family in
Rzepiennik named “Obserwatorium
Astronomiczne Krolowej Jadwigi”
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TOPIC OUTLINE

Exoplanet detection methods (subset of many)
Explosive/transient events (subset of many)

Non-explosive stellar variability, binaries and
single stars intrinsic

Starlight bent by stars (including sun)
Gravitational lenses and the approach to
microlensing

Interspersed with assorted comments & pictures of
(mostly) people



DISCOVERY MODES

Deliberate searches: SNe 1934ff Zwicky
XRB after Sco X-1, 1962ff
MACHOs 1992 ff (Word K Griest 1991, and provoked
WIMPs said Steigman)

Not unexpected in surveys for other things
SNe in POSS 1950s
lst single X-ray star, Capella
EBs, Cepheids, etc. in OGLE etc 1992ff, exoplanets
in microlensing light curves
Total surprises: variability of Algol, Montanari
1667 Sopra la sparizjione d'alcune stelle ed
altre novita celesti (R Hydrae'a Mira)
Historical supernovae & comets
pulsars 1967/68
GRBs (Vela, Kosmos satellites) 1972-3
recent: RRATs etc; int ermediate novae, Tabby's *
OGLE items??



% caifornia Institute of Technology, taken about 1931, Seated from left fo right: Paul Sophus

" Epstein, unknawn, Fritz Zwicky, Carl David Anderson (7), Robert Andrews Milian, Albert
Einstein, unknown, Richard Chace Tolman. With his hand on Epstein’s shoulder; Eamest
Charles Watson; behind Zwicky, slightly to the right: Charles Christian Lauritsen,
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EXOPLANET SIGNATURES, AICP 713, 3 2003
* OGLE-able $ successes

Direct imaging $
- periodic residuals in proper motion ($)
Periodic variabion in pulsar period ($ radio)

Periodic variation in radial velocity ($)

Transits ($)

Perturbations of line profiles, Rossiter-
McLaughlin ($)

Blips in microlensing light curves ($)

Gaps in YSO accretion disks (§)
Warps in YSO accretion disks ($?)
Pollution of host atmospheres

Distortion of times of CBS eclipses {gravitational
effect, not transit)

Nova like-outburst of V838 Mon as AGB swallowing
planet

Optical counterpart of X or gamma burst as
collision



OH, Hao in evolved carbon star

* Embedded planet in RG atm. mimics Mira pulsation
Masers in planetary atmospheres vs. stars

Zodiacal light
Collimation of bipolar ejecta
Pollution of host atms (WD §)

Independent confirmation of panspermia
Success of SETI

Incredible luck with Pioneers & Voyagers

Line of GRBs with 511 keV features as exhaust
from spaceships (J Brit Interplan Assoc 43, 55}

Arrival of LGMs or their avatars

The "pollution" items assume cause is capture of
bits of comets, asteroids, planets...rather than
accretion from companion stars or dredge-up.



EXPLOSIVE/TRAHSIENT EVENTS, AIPCP 522, 3 1999
* OGLE-Gble (years of dlscovery)
Big Bang (1965 +) |
* AGN, QSO, etc variability (1963, 3C273)
Nuclear starbursts (1973 +)
MW hits M31, sther galaxy-galaxy collisisions
3 kpc Arm (1957)
High Velocity Clouds (1963 21 cm, Oort et al)
Quasar flares, superluminal motion (1966)
* Gamma Ray Bursts (1972)
* Supernovae (1054, 1572, 1604 etc)
* Luminous Blue (Hubble-Sandage) Variables, 1943
* Star~star collisions {(debated)
He flash in low-M stars (1958)

* Last He shell flash AGB star (1968 FG Sge)
Ejection of Planetary Nebula (1918)



S
Classical novae (CK Vul 1670)
Recurrent novae (1919 T Pyx)
Dwarf Novae (1896 SS Cygni)
Nova-like wvariables

Black hole X-ray transients (1975 0620-00)
Pulsar glitches (1969 NP0532)

* T Tau & FU Ori outbursts (1937 FU Ori)
* NS XRB outbursts (1976 from ANS)
* 8S 433, micro-quasars (1979)

Sgr A* variability (not optical)

Stellar flares (1859 sun, 1949 L726-8) DH Car
Hertzsprung earlier

* * * * <

» %

*+

Comet hitﬁptar, planet
Thunderstorms on planets
Exoplanetary fission, fusion bombs
Meteors & Fireballs

Ultra high energy CR hits exo*planet
Decays of single WIMPS, inos, Hawking BHs

These too faint for existing surveys but possible
in future



Edwin Hubble observing at the 100-inch, sitting on his
favorite bentwood chair (Reproduced by permission of the
Huntington Library, San Marino, California)

1789 (9¢2

Einar Hertzsprung \

(1873= 1967}, Danish
astronomer, spent most of his
productive career in Girtingen
(Germany) and Leiden (the
Netherlands). He specialized
in the study of binary stars
and war clusiers and the
properties of stars, and he was
the first 10 recognize the
distinction between gisnt and
dwarf stars. (Nendisk Pressrfow
ALY and the American Frstirue

of Physict) /
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NON-EXPLOSIVE STELLAR VARIABILITY

1596
1638
1662
1667

1782

Fabricius. A "nova" in the Whale
Holwarda. A{ncther) nova, faded, came back
Hevelius, same star, comes & goes

Boulliau. periodically (11 months). Mira
rotating spotted star, like sun, only more so

November 12, Beta Persei 5m fainter than usual
Edward Pigott {(1753-1825) and John Goodricke
JG youngest non-royal FRS (1764-1786)
eclipse by planet, dark, half size of star

1954

Nov. 28 (+l) min. of SW Lac, observed by BP
Acta Astron 8, 48-49, Observers, co-authors
Ginter, Wernlk + Smak, Zonn, Serkowski,

Pacholczyk, Rudnicki, Kruszewski, 10 others

lst data point, AE Cyg Rudnicki {(age 26) 1952 Dec 10

25 cm at Ostrowik branch of Warsaw Obs.

Paper submitted Dec 1956 (last obs summer 577?)

Goodricke was 18 at time of first published obs.
(but he had a smaller telescope, Dolland achromat)



GABPHUHA [dasun
(9.V 1564—-7.V 1617)
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Born Gromingen, the Netherlands,
17 September 1764
Died York, England, 20 April 1786
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Pigott & Goodricke continued:

Algol periodic, 69 hours. Also periods for
Beta Lyrae, Delta Ceph, abandoned eclipse model
because of light curse shape, especially §' Ceph

Eclipse mechanism confirmed , Vogel, Pickering 1830+

Delta Cephei etc pulsating, Plummer 1912,
Shapley 1914 (if EB, one * inside the other, if
rotating spotted lines blurred 500 km/s or so)

There are also rotating, spotted, and flaring stars

When a bunch of modes are seen, THEY call it
asteroseismology (I call it astroseismology)

DARK STARS
William Thomson (Baron Kelvin of Larg) could
outnumber luminous ones = burnst out
Agnes Mary Clerke {(a whole chapter c. 1896)
James Hopwood Jeans (3 dark for every luminous
star, 1922)
Or, not yet enlightened



Born Leiprg, ( Gormany), 3 April 1841
Died Potsdam, Germuany, 13 August 1997
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Born Skibbereen, Co. Cork, Ireland, -
10 February 1842 3
Died London, England, 20 January 1907

» Baron Kelvin of Largs; » Lord Kelvin
Born Belfusl, (Northern Irelond ), 26 June 1824

Died Metherhall near Largs, (Strathclyde),
Scolland, 17 December 1907

Clerle, Agnes Mary. Reproduced from Astrophys
Jomrmal 25, no. 3 (April 1907) ]

T n

P o § ™

Thomsson, Willivm, Reprodwced Brom Proceeddngs of the
Riryal Sociery of Lomdon A B 1 {190H)
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STARLIGHT BENT BY STARS EINCLUDING SUN)

John Michell (1784), Henry Cavendish (c. 1800 )unpub)
"by its own proper gravity"”

Pierre Simon de Lapiaee(l1796) "les plus grandes
corps lumineaux.,par cela meme invisible "

sin (6/2) = L/(1 + (vfc)zl v = circ vel at surface

{Cavendish)
"bending of a light ray which passes near the surface
of any body by the attraction of that body”

Johann Georg Soldner (1804) "Uber die Ablenkung eines
Lichtstrals von seiner geradlinigen Bewegung durch
die Attraktion eines Weltkorpers, an welchem er
nahe vorbeigeht" with apologies for treating light
ray as a massive body

Linguistic thought I: Looking into history of ast-
ronomy ‘is an excellent way to tackle German

Then comes Einstein, who often writes so clearly that
even Americans can read his original papers. But
his handwriting leaves a good deal to be desired.
(equations OK)



France, 10 Oclober 1731
n, England, 24 February 1810

wh, Henry, Counsy of Ihsory of
‘ Umiversity of O lahoms Litrunes

¢ Laplace, Pleme-Simoa Courcyy of Hisory of 3ciemce
Cotlections, Linnversdy of Oklzhoma Librsnes
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Light was a wave through most of the 19th ¢ (to 1905)

It is not fair to blame Soldner for P. Lenard (1921
Ann. Phys. 95, 593), whose ratio of polemic to
equations is such that you have to read German to
follow it. You could fill a whole room with people
(some still living) who hated general relativity
and Einstein. GR is not hard to understand but

the calculations are challenging. Einstein was
Jewish

1911 AE gets the "Newtonian" 0.85" for edge of sun
Starts discussion with Freundlich to measure it
August 1914, Freundlich's Crimean expedition

captured

1915 AE does correct 1.73" calculation. Eddington
et al measure 1919 (Comm. 1l7cf IAU = relativity

disbands itself in 1925)
1912 AE unpublished lensing calculation; correct

ratio of magnitudes for 2 images

10



GRAVITATIONAL LENSES

Oliver Lodge (1919 Nat 104, 354) writes "not permis-
sible to say that the solar garv. field acts like
a lens, for it has no focal length"

Eddington (1919 Obs. 42, 119) says multiple images
possible (perfect alignment)

Edwin Frost (Mt. W. 1923) hasn't seen any

Orest D. Chwolson/Khvokon 1924 (AN 1924 Uber eine
mogliche Form fiktiver Doppelsterne, but draws
a "Chwolson" ring). 1/4 page article, next on
page 1s by AE on index of fefraction of electron
gas.

O:Danilovich Ch,1852-1934 more significant than I
had realized. Textbooks. Teacher of Friedmann,
inventor of meteorological instruments...

I5 Oct 1915 AE to H Zangger "neuen Sterne" have
nothing to do with "Linsenwirkun", futile to
explect even one (from Berlin to Zurich)

Many of his other 1514-18 letters mention bending
of light.

11



I Stoke-on-Trent, E
Rork PR nowe EEs Born Kendal, (Cumbria), England,

12 Jume 1851
g 28 December 1882
Died Lake near Salisbury, England, :
22 August 1940 e Died Cambridge, England, 22 November 1944

f u i * by .I...I
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e L - .Y
d I : I =

7. Erwin Finlay Freundlich.

; ; Eddington, Anhur Stanley. Reproduced by permission of
Lodge, Oliver Joseph. Courtesy of History of the Astronomical Society of the Pacific
Collections, University of Oklahoma Libraries
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What Lod5¢ had ip mind
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INSPIRED BY EINSTEIN 1937

A.G. Tikhov 1937 Izv. Pulkova Obs. 16, 1
1938 DAN SSR 16, 199, Star-star

1937 Henry Norris Russell, Scientific American
156, 77, sky seen by observer on planet orbiting
Sirius B ("relativistic eclipse”) has arcs like
we see for clusters behind galaxies/clusters,
possibly first treatment of extended source
And microlensing as an event rather than static

phenomenon
Henry Norris Russell \

(1877-1957), Amcricen
astronomer, was professor at
Princeton University and
director of the observatory.
His many interests included
the study of stellar evolution.
Hertzsprung and Russell
independentiy discovered the
main sequénce of stars, best
illustrated on the famous
diagram now known as the
Hertesprung-Russell diagram.,
(Princeion Unroernity Archives)
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APPROACH TO MICROLENSING

Rudi W Mandl (EE degree, working as dishwasher)
visits AE (1936 Science 84, 506) and Zworykin
{(TV inventor) who visits Zwicky (1937 PR 51, 290)
who realizes that galaxy-galaxy is more likely than
star-star and useful for galaxy masses,detection.

Zwicky 1941 PR 59, 221 neutron stars as lenses
talk at Dec 1940 APS meeting. Morrison as "carrier"”

THEN THERE WAS A WAR

1959 Charles Darwin Proc Roy Soc A249, 180, motion of
photon in sph sym grav field, sun as example,

ghost image on other side (son of George, tidal
slowing of earth rotation}). Thanks W.H. McCrea

1963 Klimov (galaxy-galaxy)

A W KennethMetzner, student of Morrison (Cornell)
J Math Phys 4, 1194 "Observable properties of
large relativistic masses" star-star only 2
images possible
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1963 continued

Sidney Lieber Jr. talk at Aug APS, PR 133, B835
(publ 1964). Inspired by old dirty Princeton windo
star-star in MW, amplification up to 2159 possible
BUT amplification 10X or more, once per year per
Gigastars monitored. Too small, though not much

1964 Sjur Refsdal MNRAS 126, 295 & 301 (this is now
current events rather than history)

APPROACH TO MICROLENSING

A.V. Byalko subm. 1967 publ. 1969 A Zh 46, 998 =
Sov AJ 13, 784, Best bet to detect= compact radio
source seen through NW central * cluster. Thanks
Zeldovich & Khalatnikov, time scale tw. year

1979 K. Chang & Refsdal Nat. 282, 561 Flux variations
of QS0 0957+561 A,B and image splitting by stars
near the light path" Worth looking for if you can

1986 B Paczynski ApJ 301, 503 "Gravitational micro-
lensing at large optical depth" Technological
advances have made this possible!
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iy Certel, Fhermaanm Bowdi and Fred Hoyle af the letessomiganal Astrssonisical
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COMMENT on missing photograph: There is/was
one from American Astronomical Society 2006

Russell lecture of BP and me together, but he
had aged a good deal more gracefully thag I,
so I didn't keep a copy

COMMENT on missing telescope: The Great aMelbourne was

in its day the largest speculum reflector in use. Designed
for naked eye observations rather than photography, it was
not enormously successful and was rebuilt twice, last as
the telescope for MACHO. On 18 January 2003, it burned
irreparably along with other ANU facilities on the site

15
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