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spectoum, compaced with those of a tervestrial one, stiould be
shifled lowards the red, the proportionale increment of wave-
length being

'r‘. —= 2100, 1078,
A R

or cquivalent to a Doppler effect due to a {receding) sounrce

velocily of 0°633 Lilometers per secomd, This amonnis, for

}m, to about 0008 A Wow, alihough with the-
wicdern mcans one thonsandth of an A o even less can he ¢
vell deteeted in comparing spectea, e, St Jolu of the Mount
Wilson  Obsecvatory, who obsceved 13 lines of MErogen
cyittgen) al the sun's cendre, and 35 at the litnh, was unablef
Lo detect any trace of the predicted effect. j!'ﬁ—:, obervalions
WEre e e SR T fial conclusion
Ehem was (e there is cvidenceof o displacenent, cither
the centee or at the limb of the sun, of e ordee 07008 &
Stice that time, however, ia view of (he ertanglement of (e
Elinstein effect with shifts of o Jitforent o, and secing
Mt the vesults of other asteaphysicisls weee not HLite so
definite, Deo St John suspended his ol judement aml s
now titking up a thorough discussion of the whole material

2.

IS S5

L

of solar specteam shils from 15T, Jewell's st oliservations,
tarde sthout 180, up to the present. “The mtaeal Inpression
o 15 that it would he prensture o cither asseet ar ey the
existenee of the geavitational spectenm shift,

- Fanstern himsell has, onomare than one OCCASION, expilessed
the very ricicnl opintun that, should the shift be abisent, the
Swhiole theory shoubd Be abandaned. SYoel, inview of The Tiypo-
ol mitare i

thetteal aatuve of the saareness o

sense ol the word, such an artitnde, though personally in-
Lelligible, Ts by no wenns neecssacy. TE T true that the -
vitriability of anatomic s-period of vibraton in a peavitational
el can, with the aid of the equivalenee hypothesis, T re-
duced Ao its Tnvaciability while the atom s being moved

aloms in The explained

vttty —a propeooy of atoms s ‘natuesl clocks’ abreadly

chilised 1 specid celativity. ™ Yol we do oot Loow whoetlic
tie atomes actually possess even the latter propeaty. Thus
Linstein's intransigent attitude proves oaly the strength o
fies Deliel that the atams wre or will toen ot 1o be sucl
naturval, ideal clocks,  Bul, after all, s is ouly o guess
A very reasonadde one to be sores for if 1 antong the aloms
thien there s incead Lut divde hope o find such clocks amony
alher fmechanisms’, natweal or aelidelal,

At any rate, a Tnal astrophysicad vecilicatipn of Kinstein”
spectritm-shift formula,  suppocted  perkaps by ropeida
experiments on canal cays, would be o achicvement o
fundlamental importance. Unal then “the oatural clock’ wil
remain a porely abstract concept,

"!.l. L Lhis theoretical attrifinte of atows which has led to the condasio
that moving bydrogen atoms il rays) will ewdt, io IL':1|1.-;_‘.fn_'4'.-i.'t| dirw
Linns, waves (102068 2% Linues Losiger T alonms ot rest, Bt cven ol
shift effect, thougsh teied experimentlly, dovs wob seem o lave ever bee

HeLecod,

Generar Ar’:i-"’ Tary
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KLAUS HENTSCHEL

The Conversion of St. John:
A Case Study on the Interplay
of Theory and Experiment

The Argument

Gravitational redshift of spectral lines as one of the thix earty-known
experimental implications of Eingtain goneral theory of reiutivity and gravitation
wuinmu-tynlmhdforhy researchers all over the world, but around 1920

with the prodictions of relativity theory.
Im 1923 the American aatrophymost Charies Edward St John announced thai
hhmnhrmdmmuuhmhimtnmimhnhm

oppotents of Eisstein's theory.

This paper demonstrates that this kusion of & sudden “Gestall swich*® in
St. John evatustios of dats can be dissalved by a careful siop-by 4tep account of
S1. Johns research practice between (917 and 1923 After a (tne-grained
dischronic report of the developmem of 51. Johny imerpretation of his and
others’ data. the mxond part of the PAPCT CORNSS 10 8 sysiematic analysis of the
heuristics and argumeniz used by S1 John pro and comtra gravitational redwhife

Imtroduction

This paper is a casc study of an episode in the history of experiments on the redshify
of spectral lines and the evolution of their theoretical micrprewation. My plan is1o
present a dischronically organired analyz:s of publications and as yet uhpublished
letters by and concerning Charles Edward St John, an important American
sstraphysicist, who was & major influence in the change of opinion as to whether
the gravitational redshift predicied by Einstein's gencral theory of relauvity (in
what follows often abbrevialed GRS and GTR, respectively) can be detocted in
speciroscopic data of the suns Fraunhofer spectrum. ! During the 19208, more and

* Fov revrws om Tha meus. spe 1 scular Exrman snd Glymoyr 1950 (1Baory) and Forbos 196 ]
(oxporinend ). sor alne Henncihel | b, 1992, 19m
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W:uﬁcbmnmﬂthtllhmMmd&wm Frviay Faauwp.
Lwm, the frst German sstromomer to consider seriousty Ersrenw's theory of
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bxcerpt from the Spuce Primer
Composed by E. M. Purcell, E. 1. Land. and Francis Bello

A Report to Eisenhower’s PSAC, 1958

(E3tABLLSHED APTER Snecic oF
SPuvrni)

“Physicists are anxious to run one crucial and fairly simple
gravity experiment as soon as possible. This experiment will
test an important prediction made by Einstein’s General Theory
of Relativity, namely that a clock will run faster as the
gravitational field around it is reduced. If one of the
fantastically accurate clocks. using atomic frequencies, were
placed in a satellite and should run faster than its counterpart on
earth, another of Einstein’s great and daring predictions would
be confirmed. (This is not the same as the prediction that any
moving clock will appear to a stationary observer to lose time —

a prediction that physicist already regard as well confirmed.)”



2101 COMETITUTION AVENUE CABLE ADDREEE: NARECO
WASHINGTOMN 29. O C. WASHINITOMN, D, T,

NATIONAIL ACADEMY OF SCIENCES

NATHONAL RESEARCH COUNCIL
OF THE UNITED STATES OF AMERICA

SPACE SCIENCE BOARD

September 23, 1938

Dr. Robart V. Pound
Harvard University
Cambridge 38, Massachusects

Dear Dr. Pound:

With Ffurther referemce to your recent telephone conversation with Dr, Bruno
Rossi, this will c-:mfirm tihe orgenization by tne Space Science Board of an Ad
Hoc cmnn' oroject of considering relafzvzﬁﬁic
oCK experi . Dr, Thomas niversity has agreed to serve as
chdirman of this committes, and we 2re plessed to hear tiat you will give your
support to the committee's work. Other members will include: Professor J. A
: Pierce, Harvard University; Pr. Philip Morrison, Cornell University: Dr. John
% Robinson Pierce, Bell Telephoue Laboratorles.

Chairmen Gold plans to ¢all a meeting of the Ad Hoe Committee for tne Con-
sideration of the Relativistdec Clock some time during the week of QOctobaer 5.
Mr, M. J. Stoller of the National Advisory Committee for Aercnautics will audit
the meeting. In a few deys you will be advised as tp the exact time and place,

We are enclosing coplea of the propossls and/or letters pertaining to experi-
ments which the cormittee will conaider. These are as follows:

1. A satellite gravitational "red shift" experimsnt =--

J. H. ¥ on, dic Standards
Laboratory, Bnulder e

e ———
2. An accurate measurement of the gravitational frequency shift
predicted by the general theory of relacivicy -- NWatiomal

Bureau of Standards, Wasningtonm, D. C, -- Letter dated 7-14-58
rom L. 5. Tayler, Chief, Atomic and Radiation, Physics Division

3, Letter from Professor Charlea H, Townes, Physics Dept.,
Columbia University

&4, A relativistic by Hughes
Reseatrc oratories, Hughes Air:rnft {accompanied by four

g ng nd adden ated August 22, 1958, ex-
tending the experiment to im:lude precision measurements of
the velocity of lizht and the figure of the earth.)




Dr. Hobert V. Pound -2 - September 23, 1938

3. An oxperimeml . tc observe the rate of an atomic clock in
'E‘BIfiIIitt - JURY Zacuiril|#Manartmnnt of Physics,
Hi:ua:hulntts Iﬁ??ifﬁtt uf“fltnnolagy

L TR e TM it e b AP R kg P e ©

Witain a4 short cime, we Qope to cbtain still snocher proposal from Varian

Associztes and copiss will be distributed as soon as toey are received ™ =
A e e

It is hoped that your deliberations will forwm tihe basis for some specific
recommendations in the form of a report to the Space Sclence Board prier to Ehe
Board's next meeting on October 24-25, 1958,

Sincerely yours,

//,f {/ é¢L/4ii;7

R. C. Peavey, Secretary
Space S5clence Bgard

Enclaosures

1—"--
£t

ComcePr PuBLISHED f)“‘fs
0%, n (1458 SF Swsé‘ﬁ
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Fig. 1. Experimental arrangement; The detector D ae-
cepts only photons emitted by the source while
moving on the solid portion of the path shown.

T Translation of article in Naturwissenschaften, 45, 535 {1958},
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{platinum}. This intensity difference is plotted as
& a function of v, the relative velocity of the source
with respect to the absorber. Both source and ab-
sorber are at a temperature of 88°K. AaE={vw/¢clE,

denctes the energy shift of the 129-kev gamma
rays.

Eni9siobs Apserprion

129-kev transition in Ir'®!. Thus, a new method for the direct deter-
mination of the level widths of low-lying excited nuciear states has
been Yound. In our Gase, the line width of the 198-kev 1evel E‘El

agree;:‘v}ifhin the limits of error, with the value 6.5x 107* ev deter-
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PALMER PHYSICAL LABORATORY
Princerron Universrry

MUINCETON, NEW JERSEY

WE Ank
T ALboNE
November 12, 1959

Profassor %. V, Found
Department of Phys=ics
Harvard University
Cambridge, Massachusetts

Dear Hob:

I note from your recent note in Physical
Review Letters that we have been inadvertently treading
on each others research. For the past couple of months
Een Turner has been working full time on the very problem
¥You discuss. We are heping for a laboratory experiment
with & few meters height difference. I am somewhat at a2
loss to knmow if we shonld continue. The problem is vary
difficult and perhaps should be tackled at more than one i
place, Perhaps a cooperative venture would be best. 3|

{n some days I think that no one in his richt mind should J
EI‘F !u{:l Eﬂ E'L‘I.I:E g EEE 2Ty re. wo a
1 G omme I - S
Sincerely,
,"_'? B
%__-:‘}f.-:":/_.
R. ", "ioke

Wi, 497 35
kD 1 ji Hoo s l




November 17, 1959

Frafecaor R.H. Dilcke
FPalnel Physical Latorstory
Trincston Uhivarsity
Frinceton, YN.d.

Pesar Bob:

Ae you will have gathered, I am quite thoroughly involved In
this project spd have, now, resson to be optimiwtic about not only
detecting but measuring the sffect. 1l have put a considerable
sffort into It in the past six weelr and zo far 29 I imow we ars
ahesd of others. In effoct we have sdvanced the technique by
about & factor of 100 so far snd bevo & reasonably quantitative
aotion of when 1t worke ond doesn't, Thic weei we expect to try
for the other factor of about &00, Irrespective of the outcome,
1 have alresdy put fn motion the setting up of' a baseline in the
lnner tower of the old Jefferson Laboratory where we will have
about 27 meters of height.

I am sorry we found oursslves working on suen similap projscts,
I have been Purprised not %o have found g?hnr: before. We are
submitting & letter on our results on Fe”! whieh now shows a baale
width about 1.5 times theoretiecal, or o0,0l5 em/ssc and, =zo far,
three hyperrine satellitea, We will, with more data, improve the
detalls of thls latter feature,

Por some time I hove been meaning to bring up the point that
1t's about time I asked you for a collogquium tallk again, Today
I am writing Wicn=r, who I understand will be hape in Janary
ANYWET . Perhaps you would come and tell us something of all or
some of your projcts in February or 307 I have heard -: .1 7
quote you as having improved the -t expepiment to 10=12 and
would llke to hear about 1t,

Let me know If you are interested to come, We can cower
travel expsnseos, of course, My spologles to Mr. Purner, I dls-
ilks the business of publishing a propossl like that but, in this
case, perhaps It 1s better to know at this end, Now that I feal
we have advanced the art 8ignificantly ourselves I do feel a 1ittle
bit bYetter about it.

Regards,

L.V, Pound
RVFP/arl
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N.Y. Times

Hovember 22,

Dr. Tobsrt V. Found
—epartment of Physles
Tervard Thlverslity
Jerzridce 38, llassachusetlis

Ter= Dx», Founds

Thgnk you for discussing with me last weok

the experiment which you nlan es a2 test of
crevitetionel red shift. It seems to me 8 most
interestinz line of research.

T+ is possible that I may come to Bosuon
rext week to stterd the Bastern Computer Conference,
gembher 1,2,3, spronsored by the Institute of
%edio knzineers and cothsrs,

If so T would creatly aprrecleste heving
o ghz-ce Lo meet you te discuss your report in
Thrsicel Review Letters and the red shift exreriment
is T menticned during cur teleplione conversaticn
T would like to write & story for Ths Times on
the rroject. In the interests of accurscy I would
very much peefer to do this on the beglis of a
more trorough interview then is possible over
tre telephone.

vthen my =schedule becones definite I will
¢c2ll you in the hope of arrsnging 2 rieetine at
soe Lime convanient tc you.

Sincerely yours,

\\mrﬂé M, kak—fv-
Tzrold . Schreck, JTr.
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UNITED " \INGDOM ATOMIC ENER . AUTHORITY

TELEGRAPHIC ADDRESS. ATEM, ABINGDON, TELEX Theoretical Physics Division
TELEPHOME: ABINGDON 1220 . )
ATOMIC ENERGY RESEARCH ESTABLISHMENT.

Ouf REFERENCE; HARWELL'
YOUR REFERENCE! DIDCOT, BERKS
Prof'essor Pound, 2nd December, 1959,

Department of Physics,
Lyman Leboratory of Physics,
Cambridge 38,

Massachusetts,

US4,

Dear Professor Pound,

Tt is amusing that you ask if I am interested in these results because we
have been trying the same experiment for some weeks now. We +tried very hard to
race you, s0 hard in fact, the experimentelists foreibly co-opted me as an assistant
for some of the time. We started the experiment some considerable time ago, Just
after John Schiffer arrived here for z year's sebbatical leave from Argonne and
introduced us to the subject, but we have been continuously frustrated by cone
"trivial" difficulty after another. We also spent two or fhree weeks under the

TR o T

delusion that we were the first to think o red shift experiment. But then almost
SInultaneously yourrhysical Review Yetler srrived and we heard that Boyle in ~

Manchester had been contemplating the experiment for scme months earliers

There is no hope whatsoever of calculating the hyperfine field in a ferromegnet.
und so being able to deduce nuclear moments from h.f.s. splittings. I wrote & '
paper on this subject a year ago L PR e, 1280 No reprints left I'm sorry]

B at it will explain the horrible difficulties involved. You will notice
R o e I that vaner for- the sood. resson thet Fe. is even
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UNITED  WINGDOM ATOMIC ENERGY AUTHORITY

TELEGRAFHIC ADDRESS ATCH, ABIHGOON TELER
TELEFHONE: ABINGDOHN 1220

ATOMIC ENERGY RESEARCH ESTABLISHMENT,

OUA REFEREMCE: HARWELL,
YR PEFERE HCE, DlDCDT. BERKS
_.-/.f.
Co
(H‘..f“-"{ ‘_*'_J.}:_- .
1

The enclosed letter is what we submitted two weeks ago£ It seemed useful at the
time but it is nothing compared to your results, but we can't withdraw it now.

did not realise the enormous sdvantase of usigg_F§5?
experiment, he is using @&n and so is having ¢ much harder
S,

time of it.

1 am amused et the long derivations and discussions the nuelear physicists
give for the probability of recoilless emission of ¥ rays. The probability is,
of course, just the well known Debye=#aller factor which comes into X=ray and
neutron scattering; but so small is the overlap between solid state and nuclear
physieists that what is an extremely familiar concept to the former is something
quite uew to the latter ~ and zlso vice-versa at times I am sure.

We are at present workihg on the red shift experiment, and on the rotating
centrifuge experiment and are embarking on a long series of solid series state
experiments which I foresee will keep us busy for several yeara! T will keeap

you in touch with our progress.
w

4"; £3 f‘fi;l ”5:& wﬁg_-[‘r_._.p

At Pl L AR é:ﬂf +#Best wishes, ' LURERIYy Now CRCEATED,

W elle 225



UNITED KINGDOM ATOMIC ENERGY AUTHORITY

TELEGRAFHIC ADDRESS ATEN, ABING DN, TELLY Mauolear Phyaiﬁﬁ THvision
TELEPHONE, ARINGEOHN 1220 *

ATOMIC ENERGY RESEARCH ESTABLISHMENT,
SUK REFEAENCE: HARWELL,

YOURM REFERENCE! _ DIDCOT, BERKS.
11th December, 1959

Frof. R.V, Pound,

Lyman Laboratery of Physics,
Harvard University,
Cambridge 38,

E&ES- 2

0.5.4.

Dear Prof, Pound,

I was very much interested in your two letters concerning the red shift end
Co?7. We had also found the big effect in Cob7 in September and thought of doing
the red shift, but we did not work at it very herd at the beginning, Seeing your
firat Ietter provided a considerable stimulus but T still found that things went a
1little slow, primarily becsuse of the abvious difficulties of a visitor in a strang:
place, _ .

. Walter Marshall mentioned to you the solid state experiments that we are .
interested in, We are also planning to measure the red shift in both a natural
ard ertificial gravitationsl field, :

I feel a little bit that perhaps it is better not to exchange detailed 5
informetion on exparimerntal technigue at this point so that we can arrive at two (
truly independent determinations, Y

Enclosed is éﬁ-_t_:c)py of the Letter we sent to P,R.L.

Yours sincerely,

dJdy Schiffer l

-
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DO FALLING BODIES MOVE SQUTH??

By Epwix H. Harl.

Pakr II.' MEeTHODS AND ReEsyLTS OF THE AUTHOR'S WORK.

HE exact place of my experiments was the axis of the inclosed,
isolated tower of the Jefferson Physical Laboratory of Har-
vard Lm distance of fall available in this tower is
very small compared with the vertical distances which most of my
predecessors in this research have used ; but some compensation
for this disadvantage is found in the fact that the tower is very weil
protected from disturbances due to winds or lateral inequalities of
temperature, and in the further fact that in working within a labora-
tory I could have at hand all needed appliances and assistance.
“The general planmrﬁpf apparatus Is indicated by
Fig. 1. At the top a wooden box 4, having a trap door on one
side and a window on the other, carries on its upper sur-
face a contrivance of brass, in contact with which the
ball to be released, a sphere of bell-metal 2.54 cm. in
drameter, is held (see Fig. 2). The box « is supported
by means of two strong joists, not shown, the ends of
which rest upon and are fastened to a railing, which
crowns the tower. Beneath a, and separated from it E i
by a layer of cotton, is a square of board, &, having a
central circular hole about 34 c¢m. in diameter, from the
circumference of which is suspended a tube, ¢, of seam- Fig. 1.
less cotton cloth {* pillowcasing ") of the same diameter as the
hole. The board 4, is supported from the roof over the tower,
and therefore has no rigid connection with @ save by way of the
base of the tower. The cloth tube, distended by five circular ribs
of stout wire, extends downward about 20 m. to 4, a rectangular
opening, about 30 cm. by 40 em., in the vaulted ceiling of the con-

=4

! A third paperon Preliminary Experiments, Variations of Method, etc., in the auther's
work will be published in the Procezdings of the American Academy.
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DEPARTHMENT OF CHEMISTAY
Novermnber 30, 1959

Dr. R. V. Pound

Department of Phyaics

Lyman Laboratory of Physica
Harvard University
Cambridge 38, Massachusetts

Dear Dr. Pound:

Thank you for your letter of November 23, 1959 regarding Gos [

The procedure which vou outlined in your letter is entirely

satisfactory. I have initiated the procedures for production of 200 maulli-
curies of Co57. ——

I intend to purify the nickel by ion exchange and electroplate onto
a capper target backing.

The price of $4, 000, 00 covers preparation of an esgentially cobalt-
free nickel target. production, separation and purification of 200 milli-
curies of Co57, and plating the 200 millicuries of Co37 onto an iron backing.
It is my underatanding that you will supply the iron and a plating procedure,
and that the plating procedure will not require the expenditure ol more
than approximately four man-hours of effort.

I trust that the above meets with your approval, and thank you
for your continued interest.

Very truly youras,

_/ A

I. Gruverman
Group Leader
Badioisoctope Sales

+

IG rew



DaxKk RIPDGE NATIONAL LABORATORY

DQFERATED By

UNION CARBIDE NUCLEAR COMPANY

DIWISIOMN OF UMNIDN CamPpIiDE CORPORATION

FOST OFFIGE BOX Y
Sak RIDGE TENRNESSEE

2% December 1959

Profegaor B V. Found

Lyman lsboretory of Physiss
Harvard University
Camoridge, Massachusetts

Dear Professor Pound:

The Co” | that you will get from NSEC will have beer made in
8 bombardmert on the CORNL 86-Inch Cyclotron. Because of our
interest In the results of your experiment, we have scheduled a
specin? all 24 December. We have the target on hand -
did an ~ellent Jjo g - and we expect no difficulty.
When your work is published, we will appreciate receiving credit
for the bombsrdment.

Slncerely yours,

s

L. Need
Electronuclesr Research Ddvision

JLN imlw

Yosnicrry HELPED FoR ollE HERE.,
Heat TreaTHENT -~ DIFEOSION UP
To vS. HyoRMecEN FURNACE 1Ay
TuBE suoP At MIT, F Weseatrey.




N C LE AR M ETALS, I NT
MEZTaLeRIeoA FTLEZTAAL e ANA JdEVE.IPRMENT
CONCORD, MASSACHUSETTS
EMERSOK 85410
Professor R. V. Pound December 24, 1959

Lyman Laboratory 235

Harvard University

Cambridge, Massachusetts

Subject: Coating of Beryllium with FES?
NDD No. 6290

Dear Professor Pound:

In accordance with your telephone discussions of December 11, 1959 with
our Dr. W. B. Nowak, Nuclear Metals understands that you may require an Fe3d7
coating equivalent to 1 to 2 mgfemé on a beryllium blank. The blank would be
in the form of & 3-inch diameter disc approximately 1/32 ineh thick.

We propose to lnvestigate methods for obtaining such a coating. Two
wethods which appear to offer some possibilities are electroplating and the
dpplications of fine particles from a slurry media. These alternatives will
be investigated through the full-time efforts of one senior staff scientist
for a period of one week. This exploratory work will be performed on a time
and materlals basis, and we propose that you authorize charges for professional
services which will not exceed $800.00. Disbursed expenses such as for mate-
rials will be separately invoices, in addition, 2%t cost to us.

If a potentially successful method is -found, it is our understanding that
you may wish to proceed further and that, in particular, you may require seven
discs coated with 1 to 2 mg/cm? of Fe37. We will be prepared to perform this
work and will quote a price after completion of the present exploratory effort.

If the foregoing proposal and statement of understanding is satisfactory
to you, please indicate your assent by countersigning the attached copy of
this letter in the space provided below and return this copy to us.

Very truly yours,
NUCLEAR METALS, INC.

) )//17 / /%/ ot

L. Klein
Vice President

Attest:
Accepted and Agreed

Harvard University

By: ATTEST:
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M.I. Podgorstaky AM‘T“Eft ":’NEE
F.L. Shapiro

Joint Institute for

Nuoclear Ressaroh

Head Post Qffioce

P.0. Box 79
H'ﬂ'ﬂﬂﬂ" US5.5.8,

Jenuary Jo , 1960,

Prof, R.YV. Pound
Lyman Laboratory of Physics

Harvard University, Cambridge,
“&aﬁ.’ T.S.A.

-Dear Professor Pound,

We anclose a preprint of a letter to the Editor of
JETP on possible use of reszonant gamme-ray scattering
for measurements of fine displacements of nuclsar energy
levels (Zeeman sffect, gravitational red shift, etc.).
Apparently, followlng MUssbauerts findlngs, analogous
1deas ocourred independently to a numbery of physiclsta in
several different countries,

| Since we have initiated somes experiments along the
indicated lines, we would highly appreclate any exchange
¢f preprints pertaining to thess studles,
Sinoerely yours,

M, Podgoretsky gz;:ziﬂdfﬂﬁffr

F. Shapire “Eldaceafs.
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FRACTIONLL SHIFT

S

i L

oo 200 300

TEMPERATURE IMN DEGREES KELVIN

FIG. 1. Fractional shift of energy of 14.4-kev
gamma-ray absorption of Fe! vs absolute tempera-
ture of the metal. The sclid line is derived from as-
suming & Debye temperature of 420°K, -
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ble . Data from the firai four days of counting. The data are expressed as fractional frequency differences
ven source and abgorber multiplied by 10", a5 derived from the appropriate sensitivity calibration. The
five signs mean that the v ray has a frequency lower than the frequency of maximum absorption at the ab-
Br.

Shift Temperature Net
Perlod obaarved corraction shift

Source at bottom

Feb. 22, 5 p.m. -11.5=3.0 -9.2 -20,7+3.0
-16.4=22.2% -5.95 -22,3£2,2

-13.8+1.3 -5.3 -15.1=1.3

-11.9=x2.1% -8, 0 -19.9=2.1

-3.7+2.0% -10.5 -19.2=2.0

Feb. 23, 10 p,m. -10.5£2,0 -10.8 -21.0 2.0
Weighted average=-19.7 = 0.8

Source at top

Feb. 24, 0 a.m. ~12.0=4.1 -2.8 206 =4.1
-5.7=1.4 -9.6 -15.3+1.4

-T.4x2,1% -T.4 -14,822.1

-6.522,13 -5.8 -12.2=2.1

-13.9=3.12 -7.5 -21.4 3.1

-G.6=3,0 -5.7 -12.3 £ 3.0

Feb. 25, 6 p.m. -.5=2,03 -8.9 “15.4 22,0
-10.0 5.8 -1.8 -17.9 2.6

Weighted average=-15.5=0.48

Mean shift=-17.6 =0.6

Difference of averages= 4.2 =1.1

wefe data were taken simultaneously with a sensitivity cal:bration.
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We now argue that in a nonuniform gravita-
tional field we can replace the quantity gk in
Eq. (3) by the difference in gravitational poten-
tial between the positions of clocks 4 and B.
This implies that we make a series of mrer-
comparisons between @ number of clocks so

From
L.IT. Scuirr. |
Am Tougn. Prvs.

J9 370 (19¢0)

A A

0 S

I

GRAVITATING 9
Bo0DY
{a} {b)

F16. 1. (a) Two identically-constructed clocks, 4 and B,
are at rest in a gravitational field. (b) The gravitating body
is replaced by an upward acceleration g of clocks 4 and B,
and a:istaticnnar}r clock € is introduced to compare their
periods.
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What 1s
Time/?

G. J. WHITROW

THAMES AND HUDSON  ihe third of Einstein's lests has the most direct bearing
on the propertics of time. He found that a gravitational
LONDON { ? 7-2. field has F: slowing-down effect on na:::ﬂ clocks,
analogous to the time-dilatation effect of motion in

special relativity, This effect is most readily studied in

the spectra of light emitted by a massive body. For the
gravitational field of the body will slow down the
frequency of this light and so cause its colour to become

redder. We call this effect the gravitational red-shifi.

Attempts to detect it in light emitted by the Sun have

been made but are difficult because the proportional

changes in frequency and wavelength are only of the

order of two parts in a million. But, surprisingly, just over

ten years ago it became possible to test this effect much

more accurately by a laboratory experiment, R. V., Pound

l.nﬁ ?. A. Rebka of Harvard successfully used a new,

Yy sensiive technique, called the Mossbauer effect, to

measure the change in frequency of light falling from 1he

top to the bottom of a 74-foot installed

’ ‘ for a different pu many years before at Yale L. ‘
. # versity, Iﬂe}r cunErmca m% remarkable ac acy the

fﬁ&y change predicted on the basis of Einstein's

thenry, which was of the order of only onc part in a
thousand million million.



HIUAT IS VERIFIED BY MEASUREMENTS OF THE CRAVITA THINAL FREQUENCY SHIFT ©

V. L. GINZBURG

Vsp, [ Nauk BI, T39-743 iDecvember. Lo

IT was only three years ago that it became possible
to reliably measure-!- the gravitational frequency
shift (to weigh photons), although the effect had been
predicted by Einstein already in 1907.7%) The meas-
urement of the gravitational frequency shift {one talks
more commonly of the red shift, having in mind the
shift of the lines in the spectrum of the sun and of

stars )} is usually viewed as one means of testing the
general theory of relativity. mm
experiments of Pound et al (' however, there have
Ippeared in the TIXETature SLATSMERTs fo the effect that
thigse experiments do ot properly introduce anything
new 3nd 05 HoE CoREEitats & toot of The pereraT fcars
of Felativity. Precisely such a point of view hag been
clearly expressed, for exam le, in the article b )
A. Smorodinskil, (31 published recently in UFN (it is
indicated in this artiGIe that fhe @Xperiments (1] ¢
nothing be energy conservation’’).

It seems to me that this conclusion is incorrect and
that the experiments of Pound et al do solve a prob-
lem, which is in fact the problem posed by Einstein in
1907, and thereafter in a more complete form in 1911;*
moreover, these experiments have a direct bearing on
the general theory of relativity.

The problem was formulated by Einstein with char-
acteristic precision and clarity: A

‘test
L .
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