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A DETERMINATION OF THE RELATIVE VALUES OF 
GRAVITY AT POTSDAM AND WASHINGTON 

ABSTRACT 

The first gravity connection between Washington and the international base 
station at Potsdam, Germany, was made in 1900 by G. R. Putnam, then a 
member of the Coast and Geodetic Survey. The value determined by Putnam 
was used as a basis for all precise gravity measurements in the United States up 
untii the adoption of the new value resulting from the 1933 oonnection with 
Potsdam which is described in the following pages. 

Since 1929 the position of the Washington gravity base station has through 
necessity been transferred to three different locations because of building oper- 
ations and for other reasons. This made desirable a new connection with 
Potsdam because of the resulting slight uncertainty in the value of gravity for 
the last location of the base in the new Department of Commerce Building. A 
more important reason for the desirability of a new connection, however, was 
the fact that a direct connection with Potsdam made by A. H. Miller, of Canada, 
in 1929 and a n  indirect one made b F. A. Vening Meinesz in 1928, gave values 
for Washington several milligals Ggher than the standard value. Another 
important justification for the work was that  tho National Bureau of Standards 
had requested a connection between that Bureau and Potsdam in order that  the 
recent absolute measurement of gravity mado by Paul R. Hey1 could be accu- 
rately compared with the absolute measuremente at Potsdam which have been 
used as a basis for most of the relative measurements of gravity in all countries 
of the world during the past 30 or more years. Legislative authority was obtained 
for the new connection and the observations wcre started in the fall of 1932 and 
were completed in March 1933. The values obtained for the two Washington 
stations are as follows: Department of Commerce, Coast and Geodetio Survey 
base (adopted value) 980.118 als (this is 6 milligals higher than tho value 
previously in use); hational Bureau of Standards (adopted value), 980.100 
gals. 

HISTORICAL INTRODUCTION 

Relative comparisons of the value of gravity between base stations 
which have been in existence over a long period of time are princi ally 
of interest when considered in the light of tho past history o f the 
stations. It is especially interesting to note the changes in the values 
of gravity which have been determined at different times for the same 
station. The Washington base station serves as a good example for 
such a study, as it has been in existence throughout the ora of precise 
gravity observa tions. 

Observations for determining differences of gravity were be un in 
the United States b C. S. Peirce of the Coast Survey, in 1873. $eirco 

and with only an approximate correction for the flexure of the support. 
used invariable an (I reversible meter pendulums, swung in open air, 

1 Tho author of this publicntion lost his life In an accldont on June 17,1836, when he had tho reparation 
of this mnnuscrlpt nearly cornplotod. Upon oxamldng tho manuscript It  was found deslrabfe to add a 

aph horo and thore nnd to Includo a low roferenm to publicstlons but otherwise tho tort of this 
%bxtlon remains as Lleutonnnt Brown hnd written it. wlth onlv slieht Ldltorlnl cbnnenq. __" . ~ ..-. .-. 

At tho-5mo-d hisdonth~Lieu~eMnt crown w&worklng on another publlcatlon which was to e;lvo n 
detallod descrlptlon of tho gravlty apparatus that ww daslanod and narfoctod by hlm in 1831 and lQ32 and 
bad boon nnrned tho Brown graClt apparatus In rocognltloii 01 hlu services. Wnlortunataly only B small 
part of the manuscript had been a r ? k n ,  and It Is imprectlcablo to complete that publlcatlon at tho present 
tlme. 

1 



2 U .  S. COAST A N D  GEODETIC SURVEY 

In 1875-76 Peirce was sent to Europe to make observations a t  
several gravity base stations which had been used in the great Euro- 
pean surve s. Peirce used a Bessel reversible pendulum and ob- 
served at garis, France; Geneva, Switzerland; Berlin, Germany. 
Kew, England; and Hoboken, New York.2 This was the first graviti 
connection between the United States and Europe made by an 
American observer. 

By the end of the nineteenth century there had been a number of 
connections, some of them rather indirect and made mostly by 
observers from other countries, between Washington and European 
base stations. A list of these connections is given by G. R. Putnam 
in United States Coast and Geodetic Survey Report for 1894, page 48. 
Omitting one outstanding value made by Kater in 1817, a simple 
mean of the remaining 29 values in the list as reduced to the Coast 
and Geodetic Survey base station at 205 New Jersey Avenue SE., 
Washington, D. C., gives 980.107 gals. The provisional value for 
this base station which had been adopted several years earlier was 
980.098 gals. 

The latter remained the adopted value for Washington until 1900, 
when Putnam made a connection with several of the European 
stations, the most important of which was Potsdam, later to be 
desi ated the international gravity base station. Putnam obtained 

was changed to 980.112 following the publication of Borrass’s world 
ad’ustment in 1911.4 his value of 980.112 als remained unquestioned until 1928 when 

ington (New Jersey Avenue base station) of 980.120 with his appa- 
ratus.s The determination made by Vening Meinesz was not a 
direct connection with Potsdam, but the rather large difference 
between the accepted value and the value obtained by him caused 
some concern. 

In 1928 A, H. Miller of the Dominion Observatory, Ottawa, 
Canada, connected the Canadian base station a t  Ottawa with Green- 
wich and Potsdam, and followed this work by a series of observations 
at Washington (New Jersey Avenue base station) in 1929.O Miller 
obtained a value for Washington of 980.118 gals. This was in fairly 
close accord with the result obtained by Vening Meinesz and further 
indicated the probability that the value in use for Washington was 
too small. 

The first gravity base station established in Washington was 
located in the northeast corner of the basement of the Administration 
Building of the Smithsonian Institution. In January 1893 the 
Washington base at the Smithsonian Institution was connected with 
the base at the Coast and Geodetic Survey office at 205 New Jersey 
Avenue, SE., where a pendulum room had been established in the 
southwest corner of the basement. In  1929 the latter base station 

a va T ue for Washington of 980.1 11 gals based on P ~ t s d a m . ~  This value 

E’. A. Vening Meinesz o f the Netherlands obtained a value a t  Wash- 

16ee U. 8. Const and Geodetic Burvey Report for 1870, pp. 203 and 204. 
a Bee U. 8. Coast and Oeodetlc 8urvey Report for 1801,9.366. 
4 8- Bericht Uber die relatlven Massungen der Schwerkraft mlt Pendelapparaten in dor Zelt von 1808 

bls 1808 und tlber ihre Dmtellungen im Potadamer Gcbwerosystem by E. Borrass Com tes Hendus des 
8Bancss de la seizalme ConfBrenco gdnBrale 1’Assoclation gdoddsiquc internationale,’vol. I&. 1911 . 1. 

6 This apparatus was designed e.9 lall for gravity work at sen to this 
country in 1928 at the invitation of%? U? 8. Nav and the Cornegie Institutkn of Wnshin ton for work 
in West Indian waters. Bee Publications of the bnited Gtatas Naval Observatory, Becon2 Berfes, Vol. 
XIII, App. 1, Washington, 1030. 

0 A determination of the rolative values of gravity at Potsdam Oroonwich Ottawa and Washington, 
by A. H. Mlller, Publications of the Domidon Obsorvatory, Ottaka, Vol. XI,’No. 2,1431. 

Dr Vonin Meinasz brought 
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was destroyed by building operations, and for the next 3 years the 
original base station at the Smithsonian Institution was used as a 
reference point. During this period a pendulum room wns under 
construction in the new Department of Commerce Building on 
Constitution Avenue, NW., and in April and May 1932 a connection 
was made between i t  and the Smithsonian Institution. The several 
changes in the position of the base station since Putnam's connection 
with Potsdam u1 1900, and tho uncertainty as to the correctness of 
the gravity value being used, as shown by the observations of Miller 
and Vening Meinesz, made it desirable to obtain a new direct connec- 
tion with the Potsdam base. 

It wns accordingly decided that a t  the first opportunity a new 
direct connection should be made between Washington and Potsdam. 
The need for such a connection was mnde more imperative because 
of the important absolute determination of rnvity then being mado 
a t  tho National Bureau of Standards by Pa 9 R. Heyl of that bureau. 
In order to realize the full international si@cance from Dr. Heyl's 
work it was essential that his base of operations be connected to the 
Pot,sdam international base with the greatost practicable precision. 
A request for this connection wns mado in a letter from the Director 
of the Bureau of Standards dated August 20, 1930. 

PROGRAM OF OBSERVATIONS 

Legislative authorization for a Washington-Potsdam gravity con- 
nection wns obtained for tho fiscal year of 1933, and the observations 
necessary to the execution of the project were carried out by the 
writer under the Director's Orders and Instructions dated December 
22, 1932. A copy of tlie instructions under which the work wns done 
is given below: 

DECEMBER 22, 1932. 
To: Lieut. EDWIN J. BROWN, 

U. S. Coast and Geodetic Survey, 
Washinaton. D .  C. 

" I  

From: Tho DIRPCTOR, 
United States Coast alzd Geodetic Surveu. 

Subject: INSTRUCTIONS. 
You will pleaso make a determination of tlie difference in tho intensity of 

p t y  between Washington, D. C., and the world gravity base station at 
The primary purpose of this work is t o  obtain a very 

accurate gravity connection between a station at tho Bureau of Standards at 
which absolute gravity determinations are being made and the Potsdam station. 
You should also obtain a connection between the new gravity base station at the 
Commerce Building and Potsdam. 

In making tho observations YOU should use the method outlined in the general 
instructions on pages 32 to  34 of Special Publication No. 69 except that  you should 
strive to obtain greater accurpcy than that at an  ordinary field station. It is 
recommended that you use nine pendulums (six of bronze and three of invar) 
and two knife edges and that you carry out the following rogram aa iienrl aa 
feasible: (1) Obtain 12 independent determinations at the Separtmcnt of d m -  
merce station by swinging each of six pendulums (three bronze and three invar) 
on each of the two knife edges, each determination t o  begin and end with an  
accurate comparison of your chronomekrs with the clock at the Naval Observa- 
tory either by means of radio time signals or a direct wire connection. (2) Obtain 
18 independent determinations at  the Bureau of Standards by swinging each of 
the nine pendulums on each of the two knife edges. The Shortt clock used by 
Dr. Heyl for his absolute-gravity dcterminations will give you excellent time 
control for this part of the work if i t  is available. (3) Obtain 18 independent 
determinations at the Potsdam station by again swinging each of the nine pendu- 
lums on each of tho two knife edges. The time control for this part of the work 

otsdam, Germany. 
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can probably be obtained from the Potsdam Observatory but in any case you 
should make sure that the accuracy of the time control is unquestionably su5- 
cient for the purpose. (4) Obtain 18 independent determinations at the Bureau 
of Standards by swinging each of the nine pendulums on each of the two knife 
edges. (5) Obtain 12 independent determinations at the Department of Com- 
merce station by swinging each of six pendulums (three bronze and three invar) 
on each of the two knife edges. 

Preliminary arrangements for the work at Potsdam have been made with 
Dr. E. Kohlschutter, director of the Ceodctic Institute at  Potsdam. Upon 
your arrival at Potsdam you should get in touch with Dr. Kohlschiitter in order 
to complete the arrangements. 

APPARATUS AND OBSERVING METHODS 

The Mendenhall quarter-meter pendulum apparatus developed by 
the Coast and Geodetic Survey was used for the observations. This 
apparatus is described in Special Publication No. 69 of this Bureau. 
One important change was made, however, in the coincidence 
apparatus which is used in comparing the pendulums with the time- 

The mechanical device for opening the shutter of the flash 
gox was replaced by a neon tube which was made to flash at each 
second of the timepiece by means of a thermionic coupling. This 
made it possible to obtain greater accuracy in the comparisons. 

The individual swings of the endulums were of 12 hours’ duration. 
Two knife edges were used, an x each pendulum was swung twice on 
each of the knife edges. In all other res ekts the observations were 

No. 69. 
Flexure corrections were determined by means of a Peters’ type of 

interferometer, a measurement being mado at the beginning and end 
of the swings on each knife edge. . This normally required four measure- 
ments at each station occupied, the knife edges being changed but 
once at each station. 

Conditions for flexure measurement were excellent a t  both the 
Commerce Building and the Bureau of Standards. At Potsdam 
conditions were less satisfactory, but fair1 accurate observations 

precision was obtained by increasin the number of observations. 
The invar pendulums were teste f for magnetism, by means of a 

sensitive compnss needle, before and after each swing. The invar 
dummy pendulum which serve9 as a holder for the thermometer 
inside the receiver was also tested at the beginning and end of each 
series of observations. It has been found by experiment that to cause 
an appreciable effect on the eriod, an invar pendulum of the type 
used must be magnetized s Jc i en t ly  to produce a deflection of the 
compass needle exceeding 3 de ees of arc, with the compass pivot 
placed 13 centimeters from t 8: e pendulum head. For the work 
described, the needle was made much more sensitive to deflection by 
reducing the pivot distance to 9 centimeters. On one swing the 
observed deflection reached 3 degrees. For a11 other swings the 
deflection in no case exceeded 2 degrees, and averaged about 40 min- 
utes. The ractice followed was to demagnetize the pendulum by 

exceeded 40 minutes. 

iece. 

carried out in the usual manner descri 1 ed in Special Publication 

could be made during the early morning t ours, and the required 

use of a so r enoid whenever the deflection of the compass needle 
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F I G U R E  I . -GRAVITY RECEIVER A N D  INTERFEROMETER. 
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I 

FIGURE  GRAVITY PENDULUMS AND KNIFE EDGE. 

At left is shown the dummy pendulum which holds the thermometer. It is not allowed to swing. Tho 
small pendulum at the center carries n level vial and is used to level the knife edge. The other three 
views are of the gravity ~ e n t l u l u m .  The rnanner of supporting it on the knifo cdge is shown to tlie 
left of the center. 
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For the observations at the Commerce Building base, time was 
furnished by a direct wire connection to one of the transmitting clocks 
at the United States Naval Observatory. This clock was compared 
with the standard clocks of the Observato at each observing period. 
Clock corrections and rates were furnishe 7 by the Observatory time 
service. 

At the Bureau of Stahdards a connection was made to the Shortt 
clock which is used as a timepiece for the absolute-gravity determina- 
tions. The time was taken “photo-electricall ” from the master 

corrections and rates, which were determined by means of daily 
comparisons with the United States Naval Observatory radio time 
signals. 

At Potsdam connection was made to the standard Riefler Clock 
No. 186 of the Geodetic Institute, one of three similar standard clocks. 
The clock corrections were obtained by star observations made by 
the Geodetic Institute, and the rates used were based on inter- 
comparison of all three clocks. The accuracy of the clock corrections 
was increased by daily comparisons, at 1 p. m., with the crystal 
clocks of the Physikalisch-Technische Reichsnnstalt. The compansons 
made with the crystal clocks proved particularly valuable throughout 
the eriod of the gravity observations as but few clear nights were 
avafable for star observations. 

pendulum of the Shortt clock. Dr. Heyl’s sta B furnished the clock 

LOCATIONS AND ELEVATIONS OF STATIONS 

The Commerce Building base is in the specially constructed gravity 
room no. B 817 in the basement of the Department of Commerce 
Building, about 200 feet from the southwest corner of the buildin 

field gravity observations. The observations were made on the west 
pier. The top of this pier is 0.7 foot above mean sea level, and about 
5 feet below the ground level. 

The observations at the Bureau of Standards were made in a 
subbasement of the East Building, in the small room ad’oining that 
used by Dr. Hey1 in making the absolute measurements. khe  gravity 
receiver was placed on the concrete floor of the basement. This floor 
is 297.9 feet above mean sea level and about 31 feet below ground 
level. 

The observations at Potsdam were made on the pier in the Ostkeller 
of the Geodetic Institute. The Ostkeller is one floor below the room 
in which the Potsdam absolute measurements were made. It is the 
same room used by Putnam in 1900, and adjoins the room in which 
Miller observed in 1928. The knife edge of the Coast andGeodetic 
Survey apparatus was found to be 4.48 meters below the knife edge 
of the absolute apparatus. The value of gravity deduced for the 
Ostkeller pier is 981.2750 gals, this being the value that Miller 
used for essentially the same location. The followin translation of 

of the various avity determinations made at the Geodetic In- 

It is now used by the Coast and Geodetic Survey as a base for 3i 

a letter received from Dr. Kohlschutter explains t % e relationship 

stitute at Pots CY am. 
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POTSDAM, GERMANY, 
April 9,1936. 

The DIRECTOR, 
United States Coast and Geodetic Survey, 

Washington, D.  C. 
DEAR DIRECTOR: Dr. Putnam, aa well 119 Lieutenant Brown, made their obser- 

vations in the pendulum cellar, which is designated LLB northeast cellar in the 
Veroffentlichungen des Geodiitischen Instituts; in verbal conversation it is usually 
called “east cellar” since there is no other observing cellar on the east side of the 
building. Undoubtedly both men observed in the same room. The elevation of 
the present endulum pier which Lieutenant Brown used is 82.64 meters above 
sea level. &e elevation of the pier used by Dr. Putnam may have been several 
centimeters d i f fe ren tnot  more than 10 centimeters. That pier probabl stood 
atthesame place as the one used by Lieutenant Brown,since as early aa 1897% made 
my standardizations for the gravity measurement in German East Africa at the 
samo place, and since then have made all gravity connections to  this place. 
This place is 21 meters N. 65’ E. from the pier used by Kiihnen and Furtwangler 
for the absolute gravity determination. 

The absolute gravity value for Potsdam Geodlltischcn Instituts Pendelaaal is 
981.274 gals and is referred to  the elevation 87.00 meters above sea level. 

(Signed) KOHLBCH~TTER. 
CHRONOLOGY 

The first series of observations made at the Commerce Building 
base were begun on November 26, 1932, and were completed on De- 
cember 14. The apparatus was then moved to the Bureau of Stand- 
ards where observations were started on December 19,1932, and were 
completed January 8, 1933. 

Before the instruments were shipped to Germany,. authority was 
obtained, through the German Ambassador in Washmgton, for free 
entry of the e uipment into Germany. A detailed declaration was 

equipment into the United States. The instruments.were packed at  
the Coast and Geodetic Surve Office in the presence of a United 
States customs inspector in or L9 er that they might be placed aboard 
ship at Baltimore without the necessity of customs inspection at that 
place. 

The writer sailed from Baltimore on the S. S. Oity of Baltimore on 
January. 18, 1933, arriving in Hamburg on January 31. The instru- 
ments were shipped by express from Hamburg to the Geodetic, Insti- 
tute at Potsdam, where they arrived on February 2. Observations 
were begun at Potsdam on February 4 and completed February 25. 

Embarkation was made at Bremen on the S. S. clity of Newport 
News, on March 3 ,  1933, for the return voyage. At 11:40 a. m. on 
the following day, while steamin through fog off Borkum Riff, the 

damaged. The hold in which the gravity instruments were stowed 
was cut open and flooded, but as the mstruments were above the water 
line on the opposite side of tho hold from the point of collision, they 
suffered no damage either from water or shock. 

Following the coilision, the Newport News proceeded to Hamburg 
under her own power, arriving there March 5. On the arrival of the 
S. S. City of Baltimore in Hambur transfer was made to that ship, 
which sailed from Hamburg on d k c h  10 and arrived in Baltimore 
on March 23. 

also made for t 2 e use of the United States Customs on reentry of the 

Newport News was in collision wit % the S. S. A m a s ,  and was heavily 
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FIGURE 3.--GEODETlC INSTITUTE AT POTSDAM. 

The aeodctic lnstituto is the r?ctanaulnr-sbnped building in the right foreground. The gravity observa- 
tions were mnde in the bnsernent in the fiir right-liand corner of thc buildiug. 
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The second series of observations a t  the Bureau of Standards were 

begun on April 1, 1933 and com leted April 20. The instruments 
were then taken to the bommerce%3uilding base for the final observa- 
tions st that point, which were begun Aprd 23 and completed May 6. 

The work incidental to the observations a t  the Washinmton stations 
was made much easier by the kindness of Capt. J. F. Hellweg, super- 
intendent of the Naval Observatory, officials of the Observatory Time 
Service, and by the cooperation of Dr. Heyl’s staff a t  the Bureau of 
Standards, in permitting connections to be made directly to their 
accurate clocks, and in furnishing the clock corrections and rates for 
the periods of observation. A great deal of assistsnce was also re- 
ceived n t  the Geodetic Institute a t  Potsdam, where Dr. Kohlschiitter 
and his staff, by their kindly services, made the performance of the 
work a very pleasant task. 

All ocean trnvel was made on ships of the Baltimore Mail Line, 

Cit of Newport 

the successful 
was this true a t  the time of the accident to the Newport News, where 
careful stowage alone saved the instruments from great damage. 

an d stowage of 

RESULTS OF THE OBSERVATIONS 

The pendulum observations and reductions are given in table I. 
Ari abstract of the values of the periods and the period differences 
between the stations is ven in table 11. 
senting this table is to 
first and second occupation of the Washin ton stations. In  table I11 

two knife edges. 

The chief purpose of pre- 
the comparative results obtained a t  the 

are shown the final gravity results for eac % pondulum on each of the 



TABLE I.-Pendulum observations and reductions 
COMMERCE BUILDINO BASE 

1932 

~ w . 2  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
_ _ _ _ d o  ___________.___.. 
Dec.3 _._______._______ 

- -__do _____________.__. 
Dec.4 ______________._. 

Nov.29 ___________.___ 
Nov.30 ______.______ _ _  

mm 
7.9 

8.2 
8.2 

7.8 
8.2 

7.9 
7.8 

a1 

Dec.0 ___.___._________ 
Dec.6 _____.__________. 
Dee. 14 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Dec.6 ___________.___. ~ 

Dec.7 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Dec. 13 ___.__________._ 
_ _ _ _ d o  ____.___.____.__. 

7.8 
7.9 
8.2 

8.2 
8.1 

8.1 
8.0 

- - 

Tem- 
pera- 
tm 

corrections (seventh decimal place) Total arc 
Period un- 
Corrected 

Period 
mected 

Final 

I- 
mm 
1.7 
1.6 

1.8 
1.6 

1.6 
1.0 

1.8 
1.8 

2 0  
1.8 

1.9 
1.7 

1.8 
1.6 

1.7 
1.6 

1.7 
1.5 

1.8 
1.9 
2 0  

2. 1 
1.8 

1.9 
1.8 

c. 
21.79 
21.66 

21.85 
22.05 

22.20 
2235 

m. 16 m. 31 

m. 50 m. 91 

21.36 
19.81 

22. ii 
22.85 

23.50 
23.80 

22.90 
2 2 w  

22.31 
22.31 
21.81 

22.31 
22.51 

21.81 
21.81 

mm 
61.85 
68.05 

50. 55 
50.75 

50.75 
67.9 

57.85 
60.15 

57.65 
61.25 

50.25 
63.5 

57.45 
58.2. 

.%. 5 
60. 05 

GI. 0 
05.1 

56.35 
50.55 
58.8 

57.1 
57.8 

60.1 
60.9 

8 .  
0.5008718 
.5008717 

. m 5  . wJ7m 

.5oo00n 

.5008883 

.so08880 

.5008879 

. 5008198 

.5o08201 

.wo7822 

.5007919 

.5008150 

.5008759 

. XI37070 

.5007086 

.5006715 

.5o08802 

.5o08808 

.5lmsm9 

.5008213 

.5008211 

.boo7943 

.boo7w 

. m m  

A 4  
A 4  

A-5 
A-5 

A-O 
A-O 

B-7 
B-7 

B-8 
B-8 

B-9 
B-9 

A 4  
A-4 

A-5 
A-5 

A-O 
A 4  

B-7 
B-7 
B-7 

B-8 
B-8 
B-9 
B-9 

A-I1 
A-I1 

A-I1 
A-11 

A-11 
A-I1 

A-I1 
A-I1 

A-I1 
A-Il 

A-11 
A-11 

A-I 
A-I 

A-I 
A-I 

A-I 
A-I 

A-I 
A-I 
A-I 

A-I 
A-I 

A-I 
A-I 

-12 
-12 

-12 
-12 

-12 
-12 

-12 
-12 

-12 
-12 

-12 
-12 

-11 
-11 

-11 
-11 

-11 
-11 

-11 
-11 
-12 

-11 
-11 

-12 
-12 

-17 - 17 

-19 
-18 

-17 
-18 

-18 
-18 

- 19 

-18 
-10 

-19 
-18 

-18 
-17 

-18 
-17 

-18 
-18 

-21 - 19 

-19 - I8 

-m 

-m 

-307 +7 -1 

-14 +e -3 
-15 +4 +I 

-10 +e -1 
-17 +3 -2 

-18 +7 
-13 +I -k: 

-321 $7 -1 
-324 $B +I 

_.__do ____.____________ a 2  
Dec. 1 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  8.2 I 
Nov. 26 .___.________.. 7.9 
Nov.28 __.___. ~ ___.___ 1 7 . 7  

Dec.7 __..______.__.. 8.1 
Dec.8 _____________.___ 8.1 

:%I $!I 7: Dec.9 __.______.______. 8.1 
Dec. 10 __..________.___ 8.0 I -I1 +:I -4 0 Dec.8 _________._______ 8.2 
Dec.9 ___._...______.-. 8.3 

- 19 0 

-19 0 
-191 4-31 0 

'BUREAU OF STANDARDS 

A-4 
A 4  
A-5 
A-5 
A-0 
A d  
B-4 
B-4 
B-5 
B-5 
B-0 
B-0 
B-7 
B-7 
B-8 
B-8 
B 4  
B-9 
A 4  
A 4  
A-5 
A-6 
A d  

A-I 
A-I 
A-I 
A-I 
A-I 
A-I 
A-I 
A-I 
A-I 
A-I 
A-I 
A-I 
A-I 
A-I 
A-I 
A-I 
A-I 
A-I 
A-I1 

.A-II 

A-I1 
A-I1 

A-n 

A-I1 
A-I I 
A-I1 
A-11 
A-I1 
A-I1 
A-I1 
A-I1 
A-I I 
A-I1 
A-I1 
A-I1 
A-I1 

8.5 
8.6 
8.4 
8.5 
8.2 
8.4 

7.85 
8.3 
8.55 
8. 1 

8.5 
8. 1 
8.3 
8.0 
7. 8 
8.8 
8. 1 
8. 1 
8.3 
8.5 

a 2  

a i  

a 5  

a 5  
8.0 
8.0 
8.15 
8.2 
8.2 

8.7 
8.8 
8.7 
8.2 
8.05 
7.9 

a i  

- 

2.0 
1.8 
1.3 
20 
1.8 
20 
2.35 
1.7 
1.6 
1.9 
1.5 
1.5 
2.0 
27 
2.6 
2. 1 
2.3 
1.8 
1.85 
1.05 
1.4 
1.45 
1.6 

1.55 
2.2 
1.6 
1.6 
1.8 
1.6 
1.45 
1.55 
1.55 
1.8 
1.9 
1. 8 
2.0 
- 

21.15 
21.15 
21.15 
21.15 
21.13 
21.15 
21.23 
21.33 
21.35 
21.35 
21.30 
21. n 
21.06 
21.21 
21.56 
21.31 
21.26 
21.31 
21.35 
21.35 
21.35 
21.35 
21.35 

21.10 
21.25 
21.25 
21.13 
21.13 
21.10 
21. IO 
21.31 
21.23 
21.03 
21.09 
21.06 
21.21 
__ 

49.15 
49.95 
51.8 
5 2  65 
49. 8 
50.85 
12 0 
59.45 
01.0 
51.2 
02 85 
63.65 
53.9 
54.9 
57.3 
01.75 
80.0 
11.85 
02 05 
62.85 
01.0 
01.25 
31. 1 

40.1 
6 2  4 
03.0 
61.6 
0275 
60.9 
61.2 
10.5 
10.8 
11.35 
67.45 
61.05 
01.35 
- 

-21 

-16 
-21 
-19 
-21 
-22 
-17 
-18 
-20 
-17 
-17 
-21 
-23 
-24 

-m 

-m 
-20 
-21 
-18 
-18 
-16 
-18 
-19 

- 18 

-17 
-18 
- 19 
-18 
-17 
-19 
-19 
-21 
- 19 
-18 
-19 

-m 

- 

-254 
-254 
-257 
-257 
-256 
-257 

-265 
-205 
-m 
-m1 
-260 
-17 
-17 
-18 
- 18 
-18 
-18 

-262 
-262 
-205 
-205 
-m 

-256 
-262 

-256 
-256 
-253 
-253 
-18 
- 17 
-17 
-17 
-17 
-17 

-mi 

-262 

4-15 

+I2 
+I1 
+I4 
4-13 
+49 
+5 
+3 
+3 
+2 
+1 
$9 
+8 
+6 
+3 
+4 * 

+14 

+3 
+3 

+31 

+23 
+2 
+2 
+3 
+2 
+3 
+3 

+45 * * 
+s 
+3 
+3 

-2 
-2 
-2 
-2  
-2 
-1 
-1 
-1 
-1 
-1 
-2 
-2 
-1 
-2 
-2 
-1 
-1 
-1 
-2 
-2 
-2 
-2 
-2 

-1 
0 

-1 
-2 
-4 
-5 
-5 
-2 
-2 
-2 
-2 
-3 
-4 

I 
0.5oozu62 
.5aIw32 
.5008751 . m 7 5 0  
. m 1 4  . EO00413 

.m 

.NO7112 

.mill 

.6olXms w 
:a08208 

. m 7  

. m 7 3 2  

.wo8385 u 

-10 - 10 
-10 
- 10 
-10 
- 10 
-10 - 10 
- 10 - 10 
-10 
-10 
-10 
-10 
-10 
- 10 
-10 
-10 
-9 
-9 
-9 
-9 
-9 

-9 
-9 
-9 
-9 
-9 
-9 
-9 
-9 
-9 
-9 
-9 
-9 
-9 

0.5008'134 
.5008734 
.mo24 
.5007MQ 
.5uwB87 
.5uwB89 
.xm%b . m 1 2  
. m 5 4 5  
.5007556 
. m m  
.m88 
. m 5  . wosB52 
.5008258 
.5008254 
.mm9 
.wo79h7 
.m53 
.5008751 
.5007021 
.mo27 
.50086(9 

.bams5 

.60085&( 

.wo8587 

.wJ7528 

.5007532 

.5007410 

.5007409 

.50088&L 

.5008888 

.5008206 

.5008246 

.E407976 
,5007978 

Dw. 19 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
DW. i*m _ _ _ _ _ _ _ _ _ _ _ _  ~ 

DW. m _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Dec. 21 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
____do  ______.__________ 

DW. 25-28 .___________. 
Dec. 26 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Dec. 2&27 _ _ _ _ _ _ _ _ _ _ _ _ _  
Dec. 27 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Dec. 28 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Dei?. 22 _______________. 
Dec. Z2-23 _ _ _ _ _ _ _ _ _ _ _ _ _  
Dec. 23 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Dec. Z3-X _ _ _ _ _ _ _ _ _ _ _ _  
Dec. 24 _.______________ 
Dec. 24-25 _ _ _ _ _ _ _ _ _ _ _ _ _  
Dec. 2829 _ _ _ _ _ _ _ _ _ _ _ _ _  
Dec. 29 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Dec. 26-30 _ _ _ _ _ _ _ _ _ _ _ _ _  
Dec. 30 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Dec. 30-31 _ _ _ _ _ _ _ _ _ _ _ _ -  

1933 
Jan. 4-5 _--__-_____----  
Jan. 6 _ _ _ _ _ _  - -2- - _ _  ___. 
Jan. 6-0 __--________---  
Jan. e--- ~ ____.________ 
Jan. 6 7  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Jan. 7. __.____.________ 
Jan. 7-8 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Dw. 31-Jan. 1 _ _ _ _ _ _ _ _ _  
Jan. 1-2 _____________._ 

Jan. 2-3 _._____________ 
Jan. 3 _._______________ 

ran. 3-4 ______.______.- 
ran. 4 _______.________. 

Dw. 21-Z? _ _ _ _ _ _ _ _ _ _ _ _ _  

DW. n-28 ____________. 

A 4  
B4 
B-4 
B-5 
B-5 
B-O 
B-0 
E 7  
B-7 
B-8 
B-8 
B-9 
B-9 

.€am81 

.6008885 

.a08200 

.mm5 

. m 2  . wo7933 

1 Pendulums B-7. B-8. and B-Q are of invar. The others are of bronze. 



TABLE I.-Pendulum observations and reductions-Continued 

1933 
Feb. 4 ._______.________ 
Feb. 4-5 - - - - - - -________ 
Feb. t _._______________ 
Fob. 5 4  __---________._ 

Fob. 6 ___----_-__._.___ 
Feb. 6-7 _------_______. 

Feb. 7 _.______________. 
Fob. 7-8 ___--___-____--  
Feb. 8 _.__----__-___-.- 
Feb. 8-9 __-----________ 
Feb. 9 ___- - - - - -________ 
Feb. 9-10 ____________._ 

Feb. 10 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Feb. 10-11 ____________. 

Feb. 11 ... . _ _ _ _ _ _ _ _ _ _ _  - 
Feb. 11-12 __________.._ 

Fob. 12 .__._.__.____... 
Feb. 12-13 - -___________ 
Feb. 13 _.._---________. 
Feb. 13-14 _ _ _ _ _ _ _ _ _ _ _ _ _  
Fob. 14 .____ ~ ______.___ 
Feb. 14-15 _ _ _ _ _ _ _ _ _ _ _ _ _  
Feb. 15 __.____________. 
Feb. 15-16 _____.___._.. 

Feb. 16 .__.__________._ 
Feb. 16-17 _______._____ 

CL 
0 

mm 
8.3 
8.4 

8.2 
8.1 

8.2 
8.2 

8.05 
8.45 

8.05 
8.0 

8.3 
8.0 

7.95 
8.5 

7.95 
8.1 

8.2 
8.2 

8.2 
8.15 

8.2 
8.4 

8.2 
8.0 

8.0 
7.95 

POTSDAM BASE 

Final 

3.55 
3.74 

3.89 
3.96 

46.3 
49.2 

42. 68 
49.11 

2 2  
1.7 

2.15 
1.9 

2.0 
1.65 

2.4 
2.6 

2.4 
1.95 

2.25 
2.1 

2.3 
2.0 

2. 1 
2 1  

4.05 44.0 
4.08 53.0 

4.10 40.75 
4.32 43.56 

4.39 47.6 
4.50 53.0 

4.65 43.0 
4.M 43.5, 

4. :a 48. 1 
4.40 48.9 

4.40 53.0 
4.55 53.7 

4.83 50.19 
4. w) 48.0 

4.83 .M.O 
4.68 45.5 

8.0 
8.2 

8.4 
8.15 

8.1 
8.25 

8.2 
8.2 

8.4 
8.2 

8. 1 
a5 

8.25 

7.95 
7.95 

7.9 
7.5 

7.75 

2 3  
1.9 

2.0 
1.85 

1.9 
1.8 

1.8 
1.85 

21 
1.9 

2.6 

1.7 

2 4 5  
2.4 

2 8  
4.0 

3.5 

2 4  

7 _________________._______ B 4  A-I Apr.4 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
8 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  B 4  A-I Apr.4-5 _ _ _ _ _ _ _ _ _ _ _ _ _ _  
37 ___. - - - - - - -- -. _ _ _  - - - - . A-I Apr. 19-20 _ _ _ _ _ _ _ _ _ _ _ _  
38 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  E 1 A-I I Apr. 20- _ _ _ _ _ _ _ _ _ _ _ _ _ _  

8.2 
8.1 
8.2 
7.95 

Corrections (soventh doclmal place) 
Knife 
edge 

Initial 
Date l- Period 

mrrected 
Swing no. Pendu- Period un- 

corrected 

8 .  
0. .5004979 
,5004982 

.5003262 

.mx9 

. .5oMQ36 

.5o02044 

.50048G3 
,5004878 

. Xwr(795 

.5003798 

. m 9 6  

.5003702 

.m.5848 

.5oQ5851 

.5005174 

.5005174 

.50048(59 

. m w  

. m w 7 5  . NO5874 

. .5005150 

.5005154 

.5004912 

.5004911 

.5004891 

.5004885 

Rato Flexuro 

-1-1- 
8. 5 

0. wO5469 
.5005467 

mm 

1.6 45.05 
A-I1 
A-I1 

A-11 
A-I1 

A-I1 
A-11 

-4-11 
A-I1 

-4-11 
A-I1 

A-I1 
A-I1 

A-I1 
A-I1 

A-11 
A-11 

A-I1 
A-U 

A-I 
A-I 

A-I 
A-I 

A-I 
A-I 

A-I 
A-I 

+I8 
+I8 

+I9 +m 

+21 

$21 
+21 

+21 
+21 

+22 
+n 
+n 
+21 

+22 
+23 

1-23 
+*a 
$23 
$23 

+ 24 
+a 
+ 24 
+23 

+24 +x 

+m 

-13 
-13 

-13 
-13 

-13 
-13 

-13 
-13 

-13 
-13 

-13 
- 13 

-13 
-13 

-13 
-13 

- 13 
-13 

-12 
-12 

-12 
-12 

-12 
-12 

-12 
-12 

-21 
- 19 

- 18 
- 18 

-21 
-m 
-m 

-m 
-19 

-18 

-m 
- 17 

-21 
-25 

- 21 -m 
-2 
-21 

-22 -m 
-21 
-22 

-23 
- 18 

-24 
-19 

+487 
1-453 

+479 
+471 

+4fA 
+461 

+459 
+458 

$452 
+44G 

4-440 
+436 

+29 
+% 

+28 
+30 

+30 +a 
+28 
+a 
+28 
+a 
+29 
$29 

+441 
+447 

1.0 
1.15 

2. 1 
1.95 

B 4  
0-4 

R-5 
B-5 

B-6 
B d  

B -7 
B-7 

B-8 
B-8 .5005203 

.wO5m5 2 

.5004914 s 
!2 .5004914 

.5Cm902 

.EO05906 

. EO05175 . 5005187 

.5004938 . m 9 3 9  

B-8 
B-8 
B-9 
B-9 

B 4  
B-4 

2.5 

2.75 48. 5 
2.0 52  2 

.5005332 
-5005334 

Feb. 17 
Feb. 17-18 _ _ _ _ _ _ _ _ _ _ _ _ _  
Feb. 18 
Feb. IS-19 _ _ _ _ _ _ _ _ _ _ _ _ _  
Feb. 19 
Feb. 19-20 

Feb. m 
Feb. !&21____________. 

4.30 
4.37 

4 45 
4.38 

4.38 
4.38 

4.30 
4. 13 

4. 12 
3.98 

3.83 
3. la 

3.75 

3. n 
3.64 

3.63 
3.73 

3.73 

51.5 
54.7 

47.0 
51.8 

50.49 
54.7 

45.9 
52  95 

45.4 
€0.75 

45.3 
50.85 

49.8 

50.61 
53. 94 

48.95 
5 2  2 

46.7 

.m23 

.5003831 

. m n  

.5003678 

.5005015 . m 1 8  

.5o03301 

.5003300 

.5002956 . 5002951 

.5005183 

.5005189 

.wo4888 

.Em4874 . m 7 5  

.Mo6892 

.sooLwM 

.IYm875 

-21 - 19 

-21 - 19 

- 19 - 19 

-19 
-19 

-22 - 19 

-23 
-23 

-18 

-22 
-21 

-23 
-2a 

-26 

- 12 
-12 

-12 - 12 

-12 
-12 

-12 
-12 

-12 
-12 

-12 
-12 

-12 

-12 
-12 

-12 
-12 

-12 

.5oMno 

.5004213 

.5004121 

. m 1 2 1  

. wo5(58 

. m Y 3  

. am3756 . am754 

. -17 . m 1 5  

.HI05215 

.EO05213 

.5004918 

.Bm341 

.Ems343 

. wo4917 . KO4918 

.5005341 

A-I 
A-I 

A-I 
A-I 

A-I 

A-I 

A-I 

A-I 

A-I 
A-I 

A-I 
A-I 

A-II 

A-II 
A-11 

A-11 
A-II 

A-II 

Feb. 21 
Feb. 21-22 

Feb. ZL 
Feb. 22-23 

Feb. 23 

Feb. 23-24 
Feb. 24 

Feb. 24-25 
Feb. 25 

____do 

B U R E A U  OF STANDARDS - 
+10 
+7 

+8 
+15 

4-6 + 5, 

+I3 
+I1 
+13 
+IO 

+9 
+8 

$10 
1-9 

- 
-2 
-2 

-2 
-2 

-2 
-2 

-2 
-2 
-1 
-1 

-2 
-2 

-a 
-2 

1.8 
1.7 

2.25 
1.7 

1.7 
1.95 

1.9 
1.9 
21 
1.85 

1.7 
2 0 5  

1. Do 
1.95 

21.25 
21.30 

21.23 
21.15 

21.25 
21.23 

21. I5  
21.13 
21. 55 
21.47 

21.13 
21.15 

21.13 
21.17 

54.1 
56.6 

58.35 
49.3 

57.85 
59.35 

50. 95 
53.2 
50.85 
53.95 

54.86 
56.5 

53.8 
55.35 

0. m 4 2  
.500874a 

.mm 

.mm 

.5o06702 

.so06705 

. m 1 9  

.5o08608 

.5008829 

.5008623 

. m 5 4 7  

.m553 

.5007400 

.mm 

-2.58 
-260 

-260 
-257 

-281 -m 
-2.58 
-?.57 
- z 4  
-271 

-2% 
-257 

-2% -m 

0.6008484 
. m 7  

.m50 

.5008754 

.5006417 . woo418 

.a08343 

.5lm8332 

.5008335 

.scc%332 

. m 1  

.m272 

. m125 . m 1 2 1  

-10 
-10 

-10 
-10 

-10 
-10 

-10 
-10 
-11 
-11 

-10 
-10 

-10 
-10 

-18 
-18 

-22 - 18 

-18 -m 
-19 
-19 
-21 - 18 

-17 

-19 

-m 

-m 

9 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  B-5 A-I Apr.5 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  7.95 
10 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  B-6 A-I Apr.6-8 _ _ _ _ _ _ _ _ _ _ _ _ _ _  8.3 

11 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  1 E I 2:; 1 Apr.6 __________.____ 1 8.15 
12 _ _ _ _  - - - _ _  - - - - - -_  - - - - - --- Apr. 6-7- _ _ _ _ _ _ _ _ _ _ _ _ _  8.2 

1 Pendulums B-7, B-8, and B-9 are of invar. T h e  others are of bronze. 



TABLEI I.-Pendulum obsmdtoM and redudwns-Continued 
BUREAU OF S T A N D A R D S - C O ~ ~ ~ I I U ~ ~  

Tem- 
pera- 
tm 

OC. 
21.08 
21.28 

21.31 
21.41 

21.28 
21.31 

21.45 
21.43 

21.63 
21.57 

Pm- 
sure 

-- 
mm 
51.95 
5285 

60.8 
51.0 

54.05 
55.9 

64.65 
55.65 

56.1 
57.55 

A-I 

A-I 
A-I 

A-I 
A-I 

A-I1 
A-11 

A-I1 

A-II 
A-11 

A-11 

A-I1 

A-I1 
A-I1 

A-IT 

A-I 

A-11 

A-11 

A-11 

A-11 

1033 
Apr. 7. ___________.___ 
Apr. 7-8 ___- - - -_______  
Apr.8 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Apr. 8-9- _ _ _ _ _ _ _ _ _ _ _  _ _  
Apr. 9- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Apr. 9-10 _ _ _ _ _ _ _ _ _ _ _ _ _  
Apr. 16 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Apr. 16-17 _ _ _ _ _ _ _ _ _ _ _ _  
Apr. 17 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Apr. 18 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Apr. 19 _ _ _ _ _ _ _ _ _ _ _ _ _ _  ~ 

Apr. 13-14 _ _ _ _ _ _ _ _ _ _ _ _  
Apr. 14 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Apr. 15 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Apr. 16-16 _ _ _ _ _ _ _ _ _ _ _ _  
Apr. 10-11 _ _ _ _ _ _ _ _ _ _ _ _  

APc. 17-18 _- -_________ 

Apr. 13 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

APC. 1446 _ _ _ _ _ _ _ _ _ _ _ _  

Apr. 10. _ _ _ _ _ _ _ _ _ _ _ _ _ _  

I I Totalarc Corrections (seventh decimal place) - 
Final 

Period Un- 
corrected 

Period 
wrrectad 

Pendu- swing no. 
Flexure 

mm 
7.95 
8.0 

8.2 

8.1 

7.95 
8.25 

8.3 
8.4 

8.35 
8.6 

8.0 
8.2 

8.45 

8.2 

8.3 
8.5 

8.45 
8.25 

8.25 
8.15 

a3 

a 3  

a 15 

a 3  

mm 
2 1  
2. 15 

2 4  
1.8 

2.3 
2 2  

2 6  
1.76 

1. 7 
1.8 

21 
2 0  

1.8 
1.8 

1.8 
1.85 

2 0  
1.5 

2 2  
2 2  

2 2  
21 

205 
2 I5 

8. 
.5008852 
.5008954 

,5008264 .mw 
.wofsQo 
.5007980 

.5008751 . wo8748 

.5007035 . w0703B 

. Em717 . woBB97 

.5008825 

.5008621 

.5007539 

.5007543 

. WON26 

.5007412 

. 5008936 

.5008837 

.5008246 

.woBu7 

.5007871 

.m73 

8. 
.5008813 
.XI08914 

.5008215 

.5008217 

.5007849 

. m 7  

.500&(58 

.5o08480 

. m m  

.mm 

.5006400 

.5otwcul 

.5008334 

.LiCmm 

. €037249 

.6007249 

.m133 

.5007130 

.M)o88g3 

.M)o88B2 

.5aszKi 

.5o06202 

.5007928 

-m -m 
-22 
-19 

-21 
-21 

-23 
-18 

-18 
-20 

-22 
-21 

-18 - 19 

- 19 
-m 
-m - 17 

-21 
-22 

-22 
-21 

-21 
-m 

-2 
-2 

-2 
-2 

-1 
-1 

-2 
-2 

-2 
-2 

-2 
-2 

-1 
-1 

-1 
-1 

0 
-1 

-1 
-1 

-1 
-2 

-2 
-1 

-10 
-10 

-10 
- 10 

-10 
-10 

-11 
-11 

-11 
-11 

-11 
-11 

-11 
-11 

-11 
-11 

-11 
-11 

-11 
-11 

-11 
-11 

-11 
-11 

-17 - 18 

-18 - 18 

-18 
- 18 

-268 
-266 

-273 
-275 

-274 
-274 

-268 
-2339 

-288 

-272 
-271 

-18 
-18 

-18 
-18 

-18 
-18 

-287 

4-10 
+lo 

+3 
+11 

+9 
+7 

+9 
t-8 

+8 
+7 

-8 
4-17 

$7 
4-6 

+8 
+7 

+10 
+18 

+8 
+7 

+e 
+7 

+8 
+7 

COMMERCE BUILDING BASE - 
A-II 
A-11 

A-11 
A-11 

A-I1 
A-II 
A-U 
A-II 

A-I1 
A-11 

A-I1 
A-11 

A-I 
A-I 

A-I 
A-I 

A-I 
A-I 

A-I 
A-I 

A-I 
A-I 

A-I 
A-I 
- 

8.1 
8.1 

8.2 

8.5 
8.15 

8.25 

8.5 
8.2 

8.35 
8.35 

7.9 
8.3 

8.2 

a4 

a 35 

a 3  

a i  8.3 

8.2 
8.1 

8.4 a i  
a 3  
a m  

1.8 
1.8 

1.6 
1.9 

1.95 
1.75 

2.2 
20 

2. 2 
2.0 

2. 2 
2.0 

1.35 
1.9 

1.8 
1.7 

1.8 
1.55 

2 2  
1.95 

2 1  
1.9 

2 05 
1.85 - 

23. 03 
23.97 

23.74 
23.32 

23.14 
23. OB 

24.25 
24.4 

23.82 
MOB 

23.45 
23.6 

2225 
22.57 

23.53 
23.74 

23.12 
2290 

23.35 
23.5 

2283 
23. 11 

246 
22.61 
- 

48.9 
51.05 

61.5 
45.05 

46.05 
49.25 

49.05 
55.15 

48.0 
52 05 

e05 
54.7 

67.35 
47.75 

51.15 
5s. 5 

62.5 
61.0 

49.0 
Ea. 05 

52.7 
55.5 

51.1 
59.15 

-19 
-19 

-18 
-m 
-21 
- 18 

-22 -m 

-m 

-m 

-22 

-22 

-15 
-18 

-19 - 18 

- 19 - 17 

-21 

-22 
-19 

-m 

-m 
-19 - 

-1 
+2 

+2 
+1 

0 
+1 

0 
+1 

+: 
-1 
+1 

0 
+3 

0 
+I 
-1 

0 

+: 
+I 
-1 

0 
+3 

-11 
-11 

-11 
-11 

-11 
-11 

-11 
-11 

-11 
-11 

-11 
-11 

-11 
-11 

-11 
-11 

-11 
-11 

-11 
-11 

-11 
-11 

-11 
-11 

May 3 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
May 4 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

__.-.do- _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  
May 5 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

.-__-do- - _ _  _ _ _ _ _ _ _ _  ___. 
May 6 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
May 2 _______________. 
May 3 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
May 1 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
May 2 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

ay 1 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Apr. 24 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Apr. 25. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
-.-.do _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Apr. 28 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
-.--do- - _ _  _ _ _ _ _ _ _ _ _ _ _ _  
Apr. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Apr. 29 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Apr. 30 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Apr. 18 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Apc. 29 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Apr. 28 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

p" ____----________ 

AW. n _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

0. M08804 
.6008797 

.m7077 

.5007055 

.5006710 

.5006706 

.5008882 

.wosBB5 

. m 1 w  

.mm 

.5W7U13 

.5007828 

. XI08746 

.6at3710 

.sal7084 

.€03m 

. m7n 

. m m  

.5o08807 . -15 

. wo8211 . 6008215 

.5007946 .wow 

0. m 1 6  
. m 2  

.5008888 

.6ooBBQB 

.5008368 

.5lm635R 

.wo88iui 

.5(3088(7 

.-I57 

.KO8157 

.Mm86g 

.€037802 

.5008419 

.5008416 

.5006710 . m 7 0 6  

.5006388 

.5008373 

.5008866 

.5008887 

. . wo%167 6008169 

. WOm 

.WOm 

-371 
-370 

-365 
-348 

-340 
-338 

-26 

-25 
-25 

-24 
-24 

-m 
-313 

-357 
-365 

-339 
-330 

-23 
-24 

-22 
-23 

-21 
-21 

-m 

I Penddums B-7, B-8. and B-O are of invar. The others are of bronze,. 
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TABLE 11.-Period differences between Washington stations and Potsdam 

Pendu- 
luml 

Knlfe- 
edge 

Dif- 
3rence 
Bu- 
eauof 
Itand- 
mds- 
Pots- 
dam 

-- 

Perlod 
Com- 
merw 
base 

Perlod 
Potsdam 

base 

B 4  _ _ _ _ _ _ _  
B-6 ______-  
B d  _ _ _ _ _ _ _  
B-7 _ _ _ _ _ _ _  
B-8 _ _ _ _ _ _ _  
B-9 _ _ _ _ _ _ _  

a. 
). 5006467 
.6003766 . €033416 
. 5005333 . m z 7 2  
.5004121 . EO36904 
.6006188 . Mx)4938 

.M)(w4BB 

.6003742 

.w03404 

. 6 W 7  

.6004263 

.6004188 . 5005880 . Mx)6204 

.6004916 

A-I 
A-I 
A-I 
A-I 
A-I 
A-I 

mt Washington SerleS I Becond Washington serlos 

A 4  _ _ _ _ _ _ _  
A-6 _ _ _ _ _ _ _  
A d  _ _ _ _ _ _ _  
B 4  _ _ _ _ _ _ _  
E d  _ _ _ _ _ _ _  
B-7 _ _ _ _ _ _ _  
B-8 _ _ _ _ _ _ _  
B-9 _ _ _ _ _ _ _  

Perlod 
Bureau 

ards 
O f  Btand- 

8. 
I. 6008462 . m 7 6 0  
.6008414 . m n  
.wo7268 
.6007112 
.6008808 
.ma38 
.5007936 

.6008483 

.so00734 

.6006380 . bo08298 
,6007246 . 5007128 
.6008883 . m 2 0 2  
.6W7932 

A-I1 
A-I1 
A-I1 
A-I1 
A-I1 
A-I1 
A-I1 
A-I1 
A-I1 

-I- 

TABLE 111.-Deduced values of g 

Pendulum 1 I- 

I- 

Knife-edge 
A-I1 

880.1213 
880.1191 
880.1186 

880.1143 
880.1187 
880.1147 

Period 
I)Ur08U 

of Stand- 
ards 

8 .  
). 6008400 . KC6762 . W 1 8  
.MxK1336 . Mx)7272 
.60071P 
.!ma914 . wo8216 . EO37948 

,6008468 
.mm 
.MKw(cu 
.wo8a34 . EO37249 . Mx)7132 
.6008892 

. m 9 2 8  

.6008202 

Dlf- 
)renca 
Bu- 
eau of 
Itand- 
Wds- 
Pots- 
dam - 
3003 
2997 

3003 
3000 
3002 
3010 
3018 
3010 

2991 
2888 
2888 
2997 
2990 
2884 

2888 
3012 

am 

3011 

Bureau of Btandarda 
base 

Knlfeedge 
A-I 

980. ogez 
980.1008 
980.0885 

880.1014 
980.1021 
880.1010 

880.0876 
980.looB 
LBO. 0884 

880.1028 
880.1017 
880.1024 

w. 08&L 
880.1017 
880.1021 

980.0887 
880.1004 
980.0841 

It is apparent from table I1 that a discrepancy exists between the 
values as determined by the bronze and by the invar pendulums. 
This difference amounts to about 3 millgals for both the Commerce 
Building and F k e a u  of Standards bases. The observing tempera- 
tures were about 20' C. lower at Potsdam than in Washington and the 
discrepancy may therefore be partially due to a slight error in the 
temperature coefficients of the pendulums. These coefficients were 
very carefully determined, however, and it is believed that they are 
of a high degree of accuracy. 
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obtained for the Commerce Building base, as well The values of 

Qab 
as those previous B y determined, axe given below: 

Value from all pendulums (3 bronze, 3 invar) _ - _ _ _ _ _ - _ _  980. 1176 
Value from the 3 invar pendulums _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  980. 1160 
Value from the 3 bronze pendulums- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  980. 1192 
Miller’s value (in 1929) reduced to Commerce base----- 980. 1191 
Putnam’s value (in 1900) reduced to Commerce base__- 980. 1127 

Miller used three bronze pendulums on each of two knife-ed es for 

bronze pendulums as shown above. 
In deducing a final value for the Commerce base it was decided to 

consider the present determination as two separate measurements, 
one with the invar pendulums and one with the bronze, and to take a 
straight mean of these two values and of Miller’s determination. This 
gives the following result: 

his determination, which agrees almost exactly with the value P or the 

Qab 
Miller___----_-_-______--------- - - - - - - - - - - - - - - - - - -  980. 1191 
Brown ( b r o n z e ) - - _ _ - - - _ - _ - _ _ _ _ - _ _ - - - - - - - - - - - - - - - - - _  980. 1192 
Brown (invar) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _  980. 1160 

M e a n _ - - - - - _ _ _ - _ _ _ _ _ - - _ - - - - - - - - - _ _ - - - - - - - - _  980.1181 
ADOPTED VALUE FOR COMMERCE B~s~=980.118 GALS. 
In considerin5 the observations at the Bureau of Standards, the 

first determination of period with pendulum B4 on knife-edge A I1 was 
found to stand out strongly from the mean and rejection of this de- 
termination was considered well justified. A straight mean was taken 
of all other determinations, giving a value of 980.1000. 

ADOPTED VALUE FOR BUREAU OF STANDARDS B ~ ~ ~ = 9 8 0 . 1 0 0  GALS. 

0 


