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¢ I'm (Pound&Rebka).

1. Bapvutikn gepvbpouetabeon t1ov ¢mTOC

Hvex Bewpla BaxpdTNTHC

Harvard Tower Experiment

gamma photons
dropped

Vy.

(f

22.6 m gamma photons
launched upward

57
% Fe source

57
1 “'Fe detector @

57
Fe source

57Fe detector

-

In just 22 .6 meters, the
fractional cravitational red
shift given by

- gh
YT vo[l ’ 02]
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is ust 492 x 10*-15 [ but '/
the Mossbauer effect with = |

the 14 4 keV gamma ray
from iron-57 has a high
enough resolution to
detect that difference. In
the early 60's physicists
Pound, Rebka.and Snyder
at the Jefferson Physical
Laboratory at Harvard
measured the shift to
within 1% of the predicted
shift.
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Apparent star field

during -

eclipse '.

Actual star field
when the

sun is ':
elsewhere

Path of starlight

Apparent
location

of star

Actual
location
of star




MNapatipnon: 43.0"”/awva
roz: 42.9" /awwva

H Nevtoveln Bempia
TPOPAETEL LETATTTOOT
TOV TTEPIMALOV eContiog
TOV TOPEACEMV OTTO TOVC

VTTOAOITTOVG TTAUVYTEC
(~574.1" /awmva). Ot
TOPOTNPTNCELC OUWOC TOV
Le Verrier Cemepvovcav
TO OVOUEVOUEVO KOTA
437" /oumva
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f * O pwtec mpoomdeiec avamtvéng tng I'evikng ZyetikotnTog
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- O13 apykeg Tpofreyers g Bempiog:

[ * O1wpodrtec mpoomdheiec avamTvéne tne 'evikng TyetikdtnTog
- Egxvave omd to 1907, i
- * AmO Vv apyn TS tooovvopiog Tov Einstein, Tpokvmtel 1 10€a |
NG Papotikig epvOpopetddeong (1907). Or acTpovouol etvor
- OLGTOKTIKOL VoL LETPT)GOVV TO poatvouevo oto HAlokd pdouata,
av Ko to mopotnpovv. Tehkd, o Charles Everard St. John
HETPA TNV epvOpouetTddeon otov HAo to 1921.
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Or 3 apyikeg mpoPreyerg tng Oemploc:
[ * O1wpodrtec mpoomdheiec avamTvéne tne 'evikng TyetikdtnTog
- Eekwvbive amd to 1907. '
- * AmO Vv apyn TS tooovvopiog Tov Einstein, Tpokvmtel 1 10€a |
NG Papotikig epvOpopetddeong (1907). Or acTpovouol etvor
- OLOTOKTIKOL VO LETPNGOLY TO ouvouevo oto HAlokd pdouata,
av kot 1o wopatnpovv. Tekd, o Charles Everard St. John
ueTpa v epvbpouetabeon otov HAwo 1o 1921.
: * IIaA amtd TNV apyn TNE 1IG0OVVAUIOG KOl TPV VO EYEL L0
' ohokAnpouévn Bewpia, o Einstein mpoteivel tv 1déa g
EKTPOTN TOL QMTOS (1911), aAAd VTOAOYICEL TO PATVOUEVO
' 0TO U160 TNC TPAYUOTIKNG TOL TIUNG (~0.87""), 060 mpoPAEmet
Kou 1 Nevtovero Oewplo (Cavendish 1784, Soldner 1804).

T ——

e v




[EVLIKN ZXETIKOTNT
Hvex Bewpla BaxpdTNTHC

EKTpOom] TOU QOTOC KO EKAEIWYELS

»

f AmO 10 1911 mpoteivovtal 01 EKAEIYEIC MG

- EPOUOL Y0 TNV LETPTON TNE EKTPOTNG.

O Erwin Finlay-Freundlich civai o
TPWTOC TOL EVOLOPEPETUL Y10, TN LETPTIOMN.
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EKTpOom] TOU QOTOC KO EKAEIWYELS

AmO 10 1911 mpoteivovtal 01 EKAEIYEIC MG
TEIPOLO Y10 TNV LETPTON TNE EKTPOTNG.

TPWTOC TOL EVOLOPEPETUL Y10, TN LETPTIOMN.

Oa TpocTabNGEL Vo TopoTnpNGEL TNV EKAgty™ Tov 1914
otnv Kpwato, adArd Oa Eeondoel o 1oc T ko Oa Ppebet
KPOTOVUEVOC TV POcwv.
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EKTpOom] TOU QOTOC KO EKAEIWYELS

| Ao 10 1911 mpoteivovton o1 ekAelYELS MG
- EPOUOL Y0 TNV LETPTON TNE EKTPOTNG.
O Erwin Finlay-Freundlich civai o
TPWTOC TOL EVOLOPEPETUL Y10, TN LETPTIOMN.

a Oo TpocTadncel va Tapatnpncel TRV EKAEyN Tov 1914 .
- otnv Kpwaio, adrié 0o Egondoet o 1oc I kou Oa. Bpebdei

* :
- Kpatovuevog towv Pocov.
%

' To 1915 o Einstein orokANpovel T I'evikn Zyetikotnto Kot
VTOAOYICEL TN GOGTY TIUN Yo TNV eKTpOoTN (~1.757"). |
[TapaAiinAo vToAOYICEL KUl TNV CMOOTN LETATTOON TOLV Epun.
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Hvéx Bewpla BapOTNTAC

EKTpOom] TOU QOTOC KO EKAEIWYELS

To evolagpépov Tov Freundlich
EVEPYOTOLEL KUl AAAOVC OIGTPOVOLLOVC.

‘Evac amo avtovg etvon Kot 0 Apepikavog
William Wallace Campbell.
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- EXTtpon) Tov 0MTOS Kol EKAEWWELS

[ To evolagpépov Tov Freundlich

- EVEPYOTOLEL KOl AAAOVC QLG TPOVOLLOVG.
'Evoc oo avtovg ivarl Ko 0 Apueptkavog
William Wallace Campbell.

O Campbell Ntav pe tov Freundlich to

1914 otnv Kpwuaia, evo Bo tpoomadnoet
COVAL VoL LETPTICEL TNV EKTPOTTT] TOV PMTOC
Kotd TNV EkAenyn tov 1918 wov Nrav opatn otic HITA.
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- EXTpom] 10V pMTOS KOl EKAEWWYELS

b —

To evolagpépov Tov Freundlich
EVEPYOTOLEL KUl AAAOVC OIGTPOVOLLOVC.

' 'Evoc amod avtovc eival Ko 0 AUEPTKAVOC
William Wallace Campbell.

O Campbell Ntav pe tov Freundlich to

1914 otnv Kpwuaia, evo Bo tpoomadnoet
| COVA VO LETPNGEL TNV EKTPOTT] TOV POTOG
Kotd TNV EkAenyn tov 1918 wov Nrav opatn otic HITA.
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O Campbell giye mpoomadncel va mapatnpnGEL GE OLAPOPES
- exAeiyeig ko tov TAavnn Vulcan.
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Hvex Bewpla BaxpdTNTHC

EKTpOom] TOU QOTOC KO EKAEIWYELS

PUBLICATIONS
Astronomical Society of the Pacific.
Vol. XXX. San Francisco, California, August, 1918 No. 1:1-8

THE CROCKER ECLIPSE EXPEDITION FROM THE LICK
OBSERVATORY, UNIVERSITY OF CALIFORNIA
JUNE 8, 1918

By W. W. CAMPBELL

The Lick Observatory had been hoping and fully expecting to
observe the total eclipse of June 8, 1918, but plans as to instruments
and observing program were held in abeyance until late in March,
1917, owing to uncertainty as to available instruments. As the
readers of these Publications know, the extensive eclipse equip-
ment of the Lick Observatory had to be left in Russia following
the total eclipse of August 21, 1914. Thru the courtesy of the late
Professor Backlund, Director of the National Russian Observatory
at Pulkowa, and the kindly interest of General Nicolskoy, a high
official of the Russian Government stationed in Kiev, our eclipse
instruments and supplies were transported from Kiev via Moscow
to Pulkowa, and stored there pending the termination of the war.
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PUBLICATIONS
Astronomical Society of the Pacific. %
Vol. XXX. San Francisco, California, August, 1918 No. 17“8 Cavog

THE CROCKER ECLIPSE EXPEDITION FROM THE LICK

OBSERVATORY, UNIV
JUNI

By W. V

The Lick Observatory had t
observe the total eclipse of June
and observing program were he
1917, owing to uncertainty as
readers of these Publications
ment of the Lick Observatory
the total eclipse of August 21,
Professor Backlund, Director o
at Pulkowa, and the kindly in
official of the Russian Govern
instruments and supplies were

to Pulkowa, and stored there |

VULCAN AND EINSTEIN-EF¥FECT CAMERAS
H. D. Curtis, Observer; J. E. Hoover, Operating Exposing Shutters

The two Chabot photographic lenses,aperture 4 inches and focal
length 15 feet, were attached to a polar axis of the well-known box
form,shown, at the right, in Figure 3. The tubes for these were con-
structed of wood at the eclipse station by Mr. Hoover. They were
mounted with their axes parallel to each other and pointing to the
center of the Sun. The 4)4 inch aperture, 15 feet focus photographic
lens, belonging to the Observatory, and one of the so-called Vulcan
lenses, aperture 3 inches, focal length 11 feet 4 inches, were pro-

~ vided with suitable tubes and mounted on the same polar axis.
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EXTpOm] TOV QOTOC KOl EKAEIWYEK

PUBLICATIONS

OF THE

Astronomical Society of the Pacific.
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Vol. XXX.

San ancm:o. Cahfornu, Aunlt 1918

No. 176

THE CROCKER ECLIPSE EXPEDITION FROM THE LICK 5

OBSERVATORY, UNIV
JUNI

By W. V

The Lick Observatory had t
observe the total eclipse of June
and observing program were he
1917, owing to uncertainty as
readers of these Publications
ment of the Lick Observatory
the total eclipse of August 21,
Professor Backlund, Director o
at Pulkowa, and the kindly in
official of the Russian Governi
instruments and supplies were

to Pulkowa, and stored there |
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length 15 feet, were attache
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- ExTpom Tov Q®TOG Kol EKAEIYELS

5
.

' To v éxhenyn Ko tv enaAn@gvomn e
- Tevikng ZyetikOTNTOC EVOIUPEPETAL KUL O
~ Arthur Stanley Eddington.

(ITapatnpntmpro tov Cambridge)
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- EKTpomi] T0V QOTOS KOl EKAELYELS

' T TNV EKAEYN KOl TNV ETAANOELGT TNG
- Teviknc ZyeTikOTNTOC EVOLOPEPETUL KOIL O
- Arthur Stanley Eddington.

- (ITapatnpnthpto Tov Cambridge)
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Me v avdmtucn e paotoactpovoutac Bpednkoyv
EVOALOKTIKOL TPOTTOL LETPTNONG TNE EKTPOTNES TOV PMTOC LE
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Measurement of the Solar Gravitational Deflection of Radio Waves Using
Very-Long-Baseline Interferometry

D.E. Lebach,! B. E. Corey,” I. 1. Shapiro,’ M. 1. Ratner,’ J.C. Webber,”* A, E.E. Rogers,” J. L. Davis,'
and T. A. Herring’

'Harvard-Smithsonian Center for Astrophysics, Cambridge, Massachuserts 02138
INortheast Radio Observatory Corporation, Haystack Observatory, Westford, Massachusetts 01886
*Department of Earth, Atmospheric, and Planetary Sciences, Massachusetts Institute of Technology, Cambridge, Massachusetts
02139
(Received 14 April 1995)

We made very-long-baseline-interferometry observations of the extragalactic radio sources 3C273B
and 3C279 to measure the gravitational deflection of radio waves by the Sun. Cross-correlation of
data recorded at antennas in California and Massachusetts at 2, 8, and 23 GHz during a ten-day period
surrounding the October 1987 solar occultation of 3C279 yielded plasma-corrected group delays, from
which we obtained y = 09996 * 0.0017 (estimated standard error), corresponding to a gravitational
deflection 0.9998 = (.0008 times that predicted by gencral relativity.,

PACS numbers: 04.80.Cc, 95.85.Bh
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®orvopevo Shapiro (1o 40 teoT)

Kot pe ™ Bonbeto tov padtokuopdtmv vdpyovy Kot GAAOL
TPOTOL VO LETPT)GOVUE TNV EMOPOOT TOL TEOIOV TOL HAl0V
oto @MC. Evac té€toloc etvon np kaBvotEpnon Shapiro.
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FIG. 8. Comparison of measured and predict-
ed effects of general relativity on Earth-Venus
time delays. After Shapiro, Ash, Ingalls, er al.
(1971).
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AUTAOL TAAGUPS: 1N YOO TOV TEPOUATIKOD

P : puBuéc petoforfic TeptéSov, w : petdbeon Tou TepLdoTPOV,
r, s : TapdpeTpoL Tov Shapiro delay, 7y : redshift/time dilation.
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Interstellar radio links enhanced by exploiting the Sun as a
Gravitational Lens ™

Claudio Maccone P*

* Technical Director of the International Academy of Astronautics (IAA).
® Co-Chair, SETI Permanent Study Group of the IAA.

ARTICLE INFO ABSTRACT

Article history: The gravitational lens of the Sun is an astrophysical phenomenon predicted by Einstein's
Received 6 February 2010 general theory of relativity. It implies that if we can send a probe along any radial
Received in revised form direction away from the Sun up to the minimal distance of 550 AU and beyond, the Sun’s
19 J““::mo mass will act as a huge magnifying lens, letting us “see"” detailed radio maps of whatever
AEERptEd 23 Jute ZOW0 may lie on the other side of the Sun even at very large distances. The recent book by this
author (Claudio Maccone, Deep Space Flight and Communications, 414 pages, Praxis-
Keywords: . Springer, 2009) describes such future FOCAL space missions to 550 AU and beyond.
Telecommunications with spacecrafts In this paper, however, we want to study another possibility yet: how to enable the
Gravitational lens of the Sun future interstellar radio links between the solar system and any future interstellar probe

:’;:;s":‘:{l:t; dio links by utilizing the gravitational lens of the Sun as a huge antenna. In particular, we compare
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