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The work described in this final report was developed in the framework’~
of an internat i onal grant programme for basic research of the US Air
Force Off i,’e of Scientific Research, grant n° AFOSR 78—3529.

For the realization of the programme contributions were given by~
— Italy : A. Bray , contractor representative , Director of the Isti.~

tuto di Metro log ia “G. Colonnetti” (IMGc), Torino; G. Cer’utti , phy si—
cist , main investi gat or , researcher at IMGC ; I. Marson, physicist .
princ ipal investi gator, assistant professor at the University of Trie
ste; F. Alasia , hi gher—grade technician at IMGC .

— U.S.A. : B. Szabo, programme manager , Senior Scientist at the
Terrest r ia l  Science Division , Air Force Geophysical Laboratory (AFSC) ,
Hanscom AF Base; W . Spita , gravimetri st , Geodeti c Survey Squadron ,
DMATC , Warren AFB , Wyoming; J. Hammond , physicist , Geodesy ~ Gravity
Branch , Terrestrial Sciences Division AFGL .

Measurements in USA were carried out by I . Marson, F. Alasia, W. Spita.
G. (‘erutti  gave his cooperation also in preparing the report.

The lst.ituto di Metrolog ia “G. Colonnetti” of the Nat ional Research
Counci l  of I t a ly , developed , in cooperation with the Bureau Internatio-
nal des Poids et Mesures (BIPM), Sèvres, a new transport able absolute
grav i ty meter , with lO/AGa1 uncertainty . This instrument was used in
the past two years to determine the gravity acceleration in 17 European
sites to improve the International Gravity Standardizati on Net ( IGSN
i t ) .  ( *)
In Autumn 1977 measurements were carried out in six sites in the United
Stat es : Bedf ord , MASS ; Denver, COLO ; Bismark , ND; Alamogordo, NM; San
Francisco , CAL ; Miam i , FLO .

The work was supported by the US Air Force Geophysical Laboratory ,
Hanscom AFB , Redford, Mass , under grant n° AFOSR 78—3529.

(*) Cerutt i ,G.: Cannizzo ,L.; Sakuma,A. and Hostache ,J.: “A transportable
apparatus for absolute gravity measurement s”, VDI—Berichte n. 212,
p. 49—51 (t974).

Cannizzo ,L.; Cerutti ,G.; Marson,I. : “Absolute gravity measurements
in Europe”, to appear shortly in Ii Nuovo Cimento .
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Symbols and Abbreviations

g value of grav i ty acceleration ( *)

g val ue of g corrected for tide effectcorr
final mean value of gravity acceleration at hei ght h from pi!
lar surfac e , normalized at a reference fringe number and cor— 

-
~~

rected for electronic del ay

gravity value reduced to reference level (floor or pi l lar sur-
face )

h hei ght f rom ground or pillar surface of’ the point where g is
determined

honk Honkasalo ’s corrective term

m standard deviation

M standard error

N number of interference fringes in the tralectory of projected
body

N~ total number of g measurements at each stat ion

N r number of reference f r inges

t time interval between the two passages across the hi gher station
during one trajectory

T time interval between the two passages across the lower station
during one - t-rajee -t.-ory- - - - - - - -

1.1’. Earth t ides correction

tJ .Time Greenwich mean t ime (Universal Time)

( *)  The value of g is given by the formula

4 A ( N  — 0.25)

T2 — t 2

where A 0.632 991 4156 un is the wavelength of the He—Ne laser beam.

4
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I. ThE IMGC ABSOLUTE GRAVITY METER

• I .  Measurement mo i hod

The method adopted consists of the observation of the symmetrical
free fall of a body in the gravitational field of the earth.

The advantages of this method are well known: relative freedom - -

from residual air resistance and higher accuracy in t ime measurements ,
owi ng to the symmetry of the motion .

An object is projected vertically upwards and , in its rise and
fa l l , it  crosses twice two stations separated by distance I . , whose value
is accurately determined .

Two t im e interva’s , T and t , corresponding to the two passages
across the lower and upper s ta t ion s respective ly,  are measured. The Va
lue of the acceleration due to  the gravity force of the earth is g i ven
by

— t~~ ( 1 )

The ver t i cal grad ient of the grav i t y  force being assumed us con-
stan t along the whole trajectory , the value of g obtained from ( 1 ) corre
sponds t o  a point situated at height

• L/6 + 1/3 ~ H . 0 (~~)

from the apex of the trajectory downwards (1 is the distance between
t h e  apex and the upper station and is negli gible with respect t o  L).
The rt’peatabiltty of’ the trajectory at each stati on and the determina-
t ion of the apex arc obtained with an uncertainty lower than 1 mm .

1 .2. Technical  ~f rs t - r i pt ion -

The essent ~al par t s  of the apparatus are a Miche lson interfero—
meter and a tong—pc r~od seismometer ( -  20 s) (Fi gure 1). On the iner—
tia l mass of’ the seismometer is placed a corner cube ( c c l )  forming one
mirror of the interferometer and the reference fixed point . The radi a
t ion from a stabilized IleNe laser is used. A second corner cube (cc:’ ) ~s
projected vert ica l l y in a vacuum cylinder ( 0.l Pa) and forms the mov
able mirror of the interferometer. Two photodetectors (Ph a, Ph b)
detect the interference fringes during the vertical motion of the corner
cube and drive the electronic counters of the flight- time and the t ra-
jectory length.

L .3. Measurement techni ques

No physica l standard of length is used , therefore measurements

5 

- —~~~- - — - --- - - -



~ -
~~~~~~~~

- 
~~~~~~

.-
-

~~~~
-

~~
-
~~~

‘— - .  - - __

~~~

_ _ _

~~~~
-- ;—  - - . . 

~~~~~~~~~
--—

~~~~~~

start at a pre—determined but arbitrary instant on the upward t raject o-
ry. At that point , fringe counting begins by me ans of a hi—di re ct ional
counter guided by the si gnals of’ two photomultip liers . Simultaneously,
computation of the total flight time begins as well .  Another time coun
ter is reset by each fringe in the rise and is stopped only by the first
fringe in the fall motion , owing to phase relation inversion of the pho—
todetector signals at the apex of the trajectory . This time interval
is quantity ‘It” in eq. (1).

The upper station is therefore placed at the last fringe in the
upward motion. If N is the total number of fringes recorded in the
upward motion and A the wavelength of the laser radiation , then

A
L = N —  (3)

In the downward motion the counter counts the number of fringes in de-
creasing order, and when it reaches fringe 0, it stops counting of t i me

H T.

1.4. Errors

a) Distance measurement

It is directly ~onneeted with the measurement of’ the value of’
the laser li ght wavelength and with its stability . A maximum relative
error of 5 x lO~~, corresponding to ± 5 ~Gal , is expected .

Therefore, the laser wavelength is measured before and after each
measurement trip. The use of a stabilized iodine laser of IMGC is
planned. 

- - .

~kcroseisms influence the determination of’ distance , as they a l te r
the position of’ the fixed mirror.

These effects have been reduced by -20 times by placing the fixed
corner cube on the intertial mass of the seismometer.

The mechanical shocks of the catapult on the movable corner cube
can be a source of disturbance for the experiment~ for thi s reason ,
measurements begi n with a pre—determined delay with respect to the
STARTING POINT in order to avoid vibration of the corner cube.

b) Laser beam vert ical i ty

Vertica’ity is obtained using a mercury pool . The error must
be less than 10 rad in order that errors in “g” measurements can be
less than 5 ~Ga1 . No correction was applied to the g value for this
error , but a + 5 ~iGa l unce rtainty was introduced in the overall evalus—

6
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t ion of measurement uncertainty .

c) Trajectory v e r t i c a l i t y

Deviation from verticality must be less than l0~~ rad over the
whole trajectory, to obtain homogeneous v is ibil i ty ( ‘ 80%).

d) Movable corner cube rotation

Rotations must be less than 0.03 rad/s. The corner cube must
be adjusted so that the opt ical and gravity centres coinc ide wi th in
0.1 me.

e) Time determinat i on

A rubid ium t ime standard is used , with 10—10 stabilit y approx-
imately. A Hewlett-Packard counter, with ± 1 ns resolution is used to
determ ine t i me T. The “start” and “stop” pulses , obtained from the
fringe counter, are affected by the delay—time of the circuits used,
which in troduce a systematic error in  the determination of 1’ of tO ns +0.~ ns.
In total , the uncertainty in I measurements is of +1.5 ns corresponding
to approwtmate ly ~ 6 j.~;al in g determination (see Table Dl .
The error in the determination of t is much hi gher . owing to the fact
that a counter w i t h  • 100 ns resolution i s  used.
Yet , bei ng

t T

the error on t becomes negli gible .

f) Other influence factors

The presence of magnetic fields induce electrical current s in
the metal of the corner cube dur ing  fli ght. To avo1d~ this effect , all
the metallic parts are made of amagnetic material .

The elastic of the catapult may have an electrostatic charge, and
the movable corner cube may be charged by residual air. The elastic is
therefore protected by a grounded metallic tube.

Moreover, if’ the trajectory is vertical , the tube is pe rfec t ly cen
tred with respect to the corner cube, so that the capacitance between
them keeps constant during f l i ght and its effect is negligible.

No corrections were made for buoyancy or for reduction of the
wave length of the laser li ght caused by residual air.

g) The measured g value corresponds to a height of”.0.8 a from
• the ground. To reduce it to this level , the vertical gradient of g

has to be measured , and a correction applied . To do this , a re la t ive

7
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gra vimet er , type La Coste-Rsmberg D—1T , was used (W . Spits , operat or ) .
The results obtained at the ind ivIdua l stations , toge the r w i t h  theti’
measurement un certa inties , are given below . Ah represents the differ—
•nce in the hei ghts at which the £g gra vity difference was measur ed .

Ver t i c a l  gradien t of g at the different stat ions

s I t e £h ( m )  ~g(~*ial ) A 9/~~ 
(~ Gal~ m) - -

Bedford .877 • .00 1 ~l05 • 2 302 • 2
Denver .830 • .001 244 -. 2 294 • .‘

Biamark .82% 
~ 

.001 209 + 2 2~~ ~
Alamogordo .829 + .001 244 • 4 + 5

San Francisco .82~ • .00% 258 3 31% + 4

Miam i .855 
~ 
.00% ~I60 + 3 304 4

A typical examp le of the evaluation of errors is given below, as well
as their  overal l evaluat ion.

Source of error Estimated uncertainty

1) Laser wavelength + 5

2) Beam direct ion .t ~
3) Time interval T (± 1.5 n a)

4) Gradient of g 
- 

•~~~ 
- - -

The uncertainty in the g value is thus + 10 1aG~ l , calc ulated as the
square root of the a~~ of the squares of the individual errors.

2. PREVIOUS MEA SUREMENT S

As was said before , 17 European s i tes had been det ermined t Y i gure
2) . The results w i l t  be pubblishod in a special n~~ber of the rev i ew
“1) Nuovo Cimento” in the f i rst  months of 1978.

At this  point i t  is interesting to see how the I t a l i a n  apparatus
agrees wI th  Sakuma’s absolute grav ity meter and what t s  ~t a repeatabi-
l i ty (Table A, B) .

$
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3. U.S. MEA SUH F .MENT S

From Oct. to Dec . 5th 1977 the IMGC apparatus was used in the
Un ited States. The sites were chosen in order to give the hi ghest con—
tribution to the U.S portion of the IGSN 71.

-

~ The stations are:

15221 A Boston : s~ tu*ted on Pier n° 1 in the building l il t of
the HANSCOM AFB, Bedford , Mass. ( IGS N 71 point.
Table ~~, N)

11994 H Denver : situated in room n” 13 , Boettcher West , Univer—
s i t y  of Denver , Cob . (F i gure 10, Table F)

15560 A Hismark : in  the basement of the Post Office building in
Bismark . ND. (F i gure i i , Tab le ~ )

1I92~ A Alamogordo on the p ier in room n° 10, buildin g 1256,
Uo llomo n AFH Alamogord o , NM. ( F i gure 12 , Table H)

1 2 1 7 2  A San Francisco : IGSN 71 point . ( Table 11

08150 C Miami : situated on the U .S. Naval Observatory Time
Service Substat ion, Ast rolab bui ld i ng , Miami ,
FLU. (Figure 13 , Tab le M l

The microseism noise level was , usually, very hi gh (ampl i tud e
— 3 and frequent changes in frequency ) except for the s t a t i o n  in

Ros t on ( amp l i t u d e  I i.~m). The environment condi t ions  in Miami caused
some problems because of the t emperature and the air  current s of the
a i r  c o n d i t i o n i n g  system.

The effects  are s tandard  dev iat i ons hi gher than the average ones
in Europe. but still acceptable.

Tables C and 1 • 47 show the results of the measurements.

Fi gures 3 — 9 report the hystograms of the recorded da ta .

— —__——— .——._______._____ ___________~~~s~ __!___ _ • -
~~:
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TABLE A Compari son wi th  Sakuma ’s val ue of “g” at Sèvres

Station , date Rr a M

(UG a l )  (~~Gal ) (~~G a l )

Sèvres A3 by Sakuma 980 925 900

Sèvres , May 1978 980 92 5 892 20 2 .0

Sèvres , June I97~ 980 925 902 17 1.8

Sèvres, January 1977 980 925 896 19 2.1

Sèvres , Marc h 1977 ~ 980 92 5 906 17 1 .9

~ owing to the rainy weather, the water leve l of the Seine river was
4.5 a hi gher than the normal level. An increase in the g value is
thus to be expected. This increase was estimated about 3 %*Gal by
Dr. Sakuma.

10
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TABLE B Repeatability of the measurements in the same station

Station, date m M

~Gal) (
~ Gal) ($* Gal)

Sèvres , May 1976 980 925 892 20 2.0

Sèvres, June 1976 980 925 902 17 1.8

Sèvres , January 1977 980 925 896 19 2.1

Sèvres, March 1977 980 925 906 17 1.9

G’~vle, July 1976 981 923 527 19 1.6

G’~vle , August 1976 981 923 533 17 1.9

G’~vle , September 1976 981 923 524 20 3.1

Torino , July 1976 980 534 256 26 3.1

Torino, October 1976 980 534 251 25 4.1

Torino , June 1977 980 534 259 25 2.6

Torino , September 1977 980 534 259 30 3.3

11
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TABLE D Electronic delay time corrections (d.t.c.) and

reference fringe number Nr

S I t e d.t.c .  ~)13al) Nr

Bedford I — 42 + 6 823 043

Bedford bi  — 50 + 8 600 585

Denver — 41 + 6 880 806

Bismark — 42 + 6 860 116

Alamogordo — 41 ± 6 872 542

San Francisco — 41 * 6 872 621

Miami — 3? # 5 1048 096

13
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TABLE E i-I
Sit. : Bedford I measurements

h • . 707  
~ 
.001 a

• 3 0 2 + 2j . & G a l / m

9f 980 378 419 4 2 )4011

~ &grad 238 
~ 

2 M G a1

honk a 14 MGa1

net uncertainty +9

Br 980 378 671 4 10 )~Gal

TABLE F

-
~~ Site Denver

h .797+.OOl m

IL — 294 + 2 )AGa1/m

979 598 033 + 3 $Gal

6R grad 234 2 )LGal

honk a *p&Gal

net uncertainty + 9 ,MOal

Br a 979 598 275 ,. 10)AGaI

14
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TABLE G H
~ 1 - -

I :  
. : Biamark

h = . 7 9 0+ . OOl m

~g_ -~ 255+21*Gal/m

980 612 681 ± 3 ~lGal

= 201 + 2 u Gal
“ grad —

honk 22)~Gal -

net uncertainty = 
~~ 

9 /AGal

gr 980 612 904 10

TABLE H

Site : Alamogordo

h = .8O1 + .OOl m

I&. = 296 + 5,*Gal/m

Bf = 979 139 276 ÷ 3 ,~Gal

L~&gra.d = 237 ± 5).Gal

• honk = —4 )*Gal

net uncertainty = + 9 yGal

- ~- gr = 979 139 509 + 11 1i.Gal

15



TABLE L

- 

- Site : San Francisco

h = .805+.OOi m

IL = 311+4)AGa1/m

B~ 
= 979 971 810 + 3 J4Gal

= 25O+4 ,~$Ga1

honk = 5 ,A#Gal

net imcertainty = 9 )~Gal

Br = 979 972 065 ± 11

TABLE M

Site : Miami

h = .8l9 + .OOlm

• I&. = 304 + 4pGaL’m

= 979 004 070 ± 4 )$Gal

249 + 4 ,J AGaI

honk = -16 ,L~~Gal

net unce rtainty = ± 9 *Gal

- 979 004 303 10

16
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TABLE N

Site : Bedford H measurements

h = .684 + .OOl m

= 302+2 ~ Gal/m —

b h

= 980 378 454 4 )4Gal

ABgrad = 207 2 ~Gal

honk = 14 ,PGa1

net uncertainty = + 11 ).~ al

= 980 378 675 ÷ 12 j .&Gal

17
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FIOLME LIST AND CAPTIONS V

Schematic drawing of the optical part of gr aviaster

Absolute station. In Europe

- ! Measurement hyatograma for USA stations

Monographs of USA stati ons
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A BSOLUT E GRAVITY STATIONS 1977

SITE :

DENVER

COUNTRY :

COLORADO

U.S.A.

GEOGRA PHICAL
ROOM 13

COORDINATES :

410e0 1,0 0 W  /-._ 
~~~~~

-‘

~~~~~~

--

A 3$° 4510 N
HALL

H 1623 m

DESCRIPTION

On th e concrete f loor of Room 13 , Boetcher West

Denve r  Un I v e r s i ty ,  D E N V E R

U

REMARKS :

The $t at ~on Is monumentid

28 
110:10
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A BSOLUTE GRAVITY STATIONS 1977 
: !

SITE : N

BISW~.RCK I L I I —

COUNTRY : 
_ _ _ _—

NORTh DAKOTA 
_ _ _

G EOGRAPHICAL

COORDI NATES :

• 10,0 13 00 w
A 46° 4Voo N —

H 515m 

I~ I JDESCRIPTION

On the concre te  floor of the basement of the
Post Of f Ice  Bu il d Ing 1 B ISMARC K

R E M A R K S

The s ta t i on  is monume nt ed
S

29 119,11

_ _  -
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A BSOLUTE GRAVITY STATIONS 1977

SITE : 
_ _ _ _ _ _

~~~~ iALA MOGORDO

NEW M~~~ICO

U.S.A.

GEOGRAPHICAL

COORDINATES : _ _ _ _ _ _ _ _ _ _

H 1253 m

DESCRIPTION

On the pi•r in Room 10 , Building 17~6. Hol iomon

A f t  ALAMOGORDO

R E M A R K S  :

The stat ion is monum .ntsd .

30 f lg.12
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ABSOLL~TE GRAVITY STATIONS 1977

SITE : N

M IAMI - N

C O U N T R Y : Li

FLORIDA
II A L_ .., r-’1

r ~S I

V ~ N N $
GEOGRAPHICAL

COORDINATES

• S 1° 43~0 0 W  I I

A a s ° 4Eoo N

H 3m sW ISS- st 
_ _ _ _ _

rn.u*i.,il sa. UmI tO Dlxi, Nigh
-
‘ I

DESCRIPTION

On the concrete floor of the As t ro l ab  bui ldin g

T i m. serv ice , Subs ta t i on  , u .s. N a v a l  O b s e r v a t o r y

REMARKS

Th. s ta t Ion Is monumsnted.

Th e sca ls In th . sketch has not b e e n  r e s p e c t e d

31 f lg .13 
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BOSTON A Table 1
Date Oct. 8, 1977
Site Bedford, Hansco m AFB

Bid 1111

U.Time N I ( ps ’) t (i.~s) ~ (itGa1~ ( g ( i ~G a l )  N ot es

~c,3e6 44j , c ~.34c ~~~~~~~~~ 
qg~~.j~?g 4,?a’,4  ~ ç,?4 $gc~~f c:U$

~~~~~~~ 440/? ’Z.f ~-t 3~g. 3 4c~ .I  ~~~~

~3? 4 4~~1S~~ 4~ ) 3,~?. 5 1414 ‘54f~d
,2o ’ Z6~ /,~g 444 ~~~ ~~ ~~~ 44b .4 ‘~~‘-~~~

i 2 8’ ?‘cI p qq 44 . ’  0/9, 41’ 3’~~.o 4i~j , ‘-544

~~~~~~ 1,’ 4 ~2 319 ~4f  )4 q ,~’ 3 ~~~~ ~ f4 .3

9F~ 44 .3 9?”.~~~1,~~ 4! ) .1 351 $ - 
~~~~~~~

03’,’ ~~~ ~-~Z 46j oS! I~ 4 .,. i ~.ti, q ~~~~
l iz ’ ~‘~2 P? 9 441 /c..,r4q ~~~~~ 3 T4.9  .~.c,..

~,4c ’ ~‘r9 )4; 44j ;,~,?4/ 4o$.o 3oiI ~~~~~ 1.. i9 . r
,,~,l ?~i ~4 ’ 44 i ~~~ fF9 Iq i. ’ iqq.~ •5~o~ I 64 ‘/,. 1’
g~,f ’ 7’~

p ç~~? 44 -I  f 8/ . 1o~ ~111 ~~~~ ~ 4 9 . I  4c-~~.

_ ç~~
’ 1!~ Z 9~~ 4~ 3 9t~j,o~q 3�& 4 4 ti. c ..-~S.c

ft~ldl
.-s9 ~‘c let 4~ / ii’ ~ 39sf 5o è’.l 4)~

). $
?~i t~9 44 ?c1r .  ê~, 

4j J .9 4U.~~ 4rO. S
,oS ’ ) ‘~ 1 c~, ’i 4 43  924. JFe e#.i  i9i. S ~~~~
4,0? ~~~ iet 4 4 j  ~~~ .914 434.4 31f.d’ ~~S , ;

41O~ ~~! (55 4 4 s~~’~
, 490 A11.c’ 4o3. 1 4 4 4 , 14 44 9,o

_ i~~l
’ 

~~~ ? ‘ !  44 1 36’~ . ~~ /8”.j 4/9 /’ ~43~4
f~-o 1i~9 4~e I~3 .fr,I~ 394. , 4iç~~ ~4(. V +5~~. I

3~
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BOSTON A Table 2
Date Oct. 8, 1977
Site Bedford , Hanscoin AFH

Bid 1111

U.Tiae N 
— 

T (ps) ~~~~~ g (pGal) 

— 

j & ~ i) Rcorr (pGal ) Notes

) 9$~ c’~ C 4 çi~ 191. ~~~~
. ,4 ff. €1 I/o -~ U.’ ~Øc’ 2’ft 44~~~

~~~~~ ~~4 j ? : I  (~~4 fo$. f~~ 34~ . f 4e4.5 -~13Z

I.’ ~?~4 4) 3 ~4~~7si c~ 3 J~eI’.1 ~,f , c .I i 9.ki 441 . 3

-11*3
’ 

~~ 2 5?5 44e ’ 19/ ?4 f i!S.o 441,3 ~ ‘1I~~~

ah~ ?9~ ~- 1O 454  ~~i;1 ~~~~ 
4ZL tt *J1a~ 44 4.2

~~ 4 4g ~JT~~3~ Lo + ..~ 430. 4 .14.9

..-4r ~H ‘,3~? 4ci 39 1 . 7 4 ’ J~~~
. ~ ~~~ ~ .2.1

33
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BOSTON A Table 3
Date Oct. 10, 1977
Site Bedford , Hanscom AFB

Bid 1111

L1.Time N T (1
as) t (ps) B (~dai ) 

(
T•C

j•) ~~~~~~ 
(peal ) Notes

j ;1
~4ç ’ 13’ s ’f 413 1~~ .151 V?~ ’ 90o 4k~0 

~~I’. 3
~a4 I#~1149’ 94; 1?. SU i/c ,v9 4 3o. c 

~~~~~~

5-0 9s 1 e ’4~ 4~-q 0,1. 913 3Pf..4 ~39~ 44~’./

4l5 .1~ &9 

~~ 

4sf’ ~D4. 3c~-z 449 , 44s~ ~~~~
,5( ’ ~t3 4cq 4ct (94.115 5c(,~ ~4i. 1 

~~~~~~~~~~

1$ ” ioo ’ i, ’, /.4~ 410 O~,
)
~ ooo 

3/e .e~ 4 3?’.o 4 4 4 . 9

.~~~~
‘ 9t ~ sis 4~z ~~~~~~~ 4io.q 44!l.~~~ —~49. ’/

.94 933 S44 444 04~. 3~$ 331,.’ ~~~~ 443,e ,

p 1 2’ 811 ~5i 41,! 1/5’. 33 ’ ~~~ .~ 4e .2  4’~l. ~~, 

-

•

,~c’ 9i2 981 1~ 3 ro~~.~ 8i U.~ 405,4 44e ’. *  . -~p

.,.~g B~t9 4co 4(2 ~~~~ 194 4~?j’e 9 I94~.$ +39. ~ 4~~4.b

~ ZI 82o ~ri leo 4.3o. Pfrc- $3c~,l 4 33’,~ 4 3$, I

..J~ 911 189 4e~ e,e~, ,~~g !Jc,o .~o,, i, -‘.~~?‘.o 415, 4
.2~ ~‘3)  .so,i 413 1’. .o4s ’ 4~1.4 4 / 4 . 2  43/, ~

7j 8,, f~
( 1j 5 9  0(1 411 4s~

-,. 4~~3~e 43S..ç

~ft 4’S4 5i~~~1(4 339, 1 443.0 -.~.34 . 4

3~i
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BOSTON A Table 4
Date Oct. 10, 1977
Site Bedford , Hanscom AFB

Bid 1111

U.Time N T ( pa) t (ps) g (pcal) 
_____ 

gcorr (•,.S;ai) NOtes 
— 

-

j~ j4’ 9.p~ 4fr ~ 41? j~c. cco Ili.p- ~9e 3kp 4(q.y -‘ ?~ ~~~~~~~~~

~~ 4i~ s4~~,4J7 W / l  41~’.3 #é.~

.,.~~ o’ j~~~~ ~24 4d~ 39s~, ) 4  4co.z 4V 9~ -~ ~‘~~‘ “4.,,

,~~~~~
‘ 

~,1. 2f .3 ~~~ ?‘4/ .  3~c 3$7 4 421. 1 ~3,4 1,14.2

~/ ~~~~ j r Ao 1 13?’ • O/? If / •  ~1 £ 9o. ?r -~ 4. ’, &,49.

.i ~~
’ # (c~ 4 4 1  44~ 3j lrrfr • 5iP 4~ ~~2, I

.~ f 6’6 5c4 4r9 ~~2.1/i 451.o 4,ç/,; - 2.j ~~~~~

~~~ 9’g~ ~~~ 
l~c ’f Pi ~~ ‘..a 491.2 ~-5~

.5/ ~ ..‘g ççi 4~2 ~~~~ 4 • ~~~~ ,9P~ ‘ 41 ’I. o
i8~,t ’i ~~~ 6~tf 4i’4 Ofr2 . 5Z3  2~2.5 ~~~~~ -i3.~ 1R~,i

v04’ ~~~~~~ 3~~4 4jo 0/41. ~-b9 ~‘I) ”.~~ 4t1.~~ .-/.~‘.5 446.~~.

,O 9~ 92~ 119 412 ~~~ oA~ Z$c. 2 4 ri - l5.~ 43i?~. ~
.12’ E19 .

~“9 4~z 4’31 •~~/~ t~~q , q  14S ’ ô - Z’-’.4

jrl5 ~ 2q oI 9  412 f~9.Ss ,? 3~21. t 3 oi. -i — 2t..~, s~9 4.o

L ~~~~~~~~~~~~~~~~~~~ •~~~~•~~~~~~~~~~~~~~~~~~~~ - 
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BOSTON A Table 5
Date Oct. 10, 1977
Site Bedford, Hanscom AFB

Bid 1111

IJ.Tiae N T ( pa) t (,e) g ( iGal ) 
_~~~~~~;~~~~~~iL~ . 

Rcorr (pGal) Notes

/9
)lI

9~~~
I Iii 13? 4~o 5-/c . 91~9 4 ,!/. I ~$o £?1 5z,j -5 - ci?. i ~~~~

..a. ’ 93 1 5-94 W; 43’ ./t fr 4~9.2 5-4I~c - 4’4.?

~~ ~~‘ S6~ ‘v1~~ ~~3f’. 9ci i/ ’i~. I C4f. 4 - ‘i.~ 4f ’ .!
. P0  934 ~29 4~3 4 ~,.o??’ Jil~r 514. 41 -i~~ ’ ~~~~
.44’ ~ 1P .i4~ 4/ ; c~g ,  If r o  134.4 532. s- -u . s

.a2~ 9/~ C 5-C’ 412 1, 2 J,t’g 4 4 9 4  5ZJ .~~~ -i3.~ 45~

f1O~ ,25 94c 4ei 9iP, / 14 3$o , 5 ’Z6.~~ -6~ .i 4u t .~~
3d S~ ’ 43 714 • *~f &ij~.o 5’ 3.4 41,k 1, 44 f

.v3~~ 81~’ 311 4~~~o?4. ok 249~ s3;’~~ —i9.,~~

,ci 8i 3’1 411 ~~~~ ~ff/ 34 3~ S // .  I, - �4 , 4 ~~
41 1~-i ~82 L~~3 9 9 f  •fP~ 5~?3 ~~~~~~ ~~~~~~~~ 4j~~~

• 
?~*1c, 124 ) ?‘)�~ 41i 5-.3o.~’s~ 4~~

i, ~~~~~ 
_ I

~~c~
,c,-’ ~37 .i~~~4 l,~~i 

SVS’.F.k4 J 4g .~ ,-‘,•~~~~ 
-~~~~~~~ 4~~~ 1

3’ 
_  
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BOSTON A Table 6

Date Oct. 10, 1977
Site Bedford , ,lanscom AFB

Bid 1111

U .T~me N T (pa ) t (ps) g (pGal ) T.C. 
~~~~ 

(~~~~~~~~N0t~~

o E $~: ~~~ ‘-‘ 4 ~~~~ ~~~~~ 4S~ 21 t. c ~~F .‘1”I~ I 
- Y~’• ~ /~~~i -i,

~
g ~ /S ~J

41~ P11 . f f 1  L’1f. i ~~~~~~~~ - 9 1.4

f ~f 4 4  ~~ 
414 t’f2.  !P~J / f .~~~ 

5~~
j
~4 ~~~~P~5

/ •(~~ ~~ J ~ O4 44 1  50’?. “9.~
- $J~ ~e/J --~‘f.4

‘~~
‘ 

~~ !?g 44~ I e ~ •fj~ ni.; ~~~~ ~1’!. ’ 4~~tc

8~.t f”l  4.g j4~ -. //$ U1.~ ~~~ • yi.~’
~~~~ 5i~~~ ks qç/, 9~~ 2-~9~ - -

55
1 ~~ 5’: +419 ~t ~ .14! / g~ç s- - 9

Zz~ 4?’ 82~ ~s~
- 4 i  ~~

q . s / I  /M ‘~s-.2 ~~~~
JO ’ 114 e ’~( ~14 124. V~ 3’ S.o f 4~ .j $~~
/5 8 3 ~ S24 4~~ 8c~ .412, bf ~I,’3 Tc3. 2 ~~~~~~~~~~

to ’ ~~~ ,~ ?‘ 44’ ~~~ •4 ~ 4~~~, i  c,i-3 .1 -€1.4

2, g~~ ~ 14 4~~’4 33.’. ~~~ ~‘1’$.4 3)’t,o -/‘V ’~I 4~ ’I . J

37
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BOSTON A Table 7

Date Oct . 11 , 1977
Site Bedford , Hanscum AFB

Bid 1111

LJ .Time N 
- 

7 (~*a) t (pts ) g (,iGal ) Rcorr (~1Gal Notes

ii’ ~c ’ 81 ’ 4 3 . 41o 5_il • /1’~~ c11. - , fj ~D 3P$ .4 - /4. ‘1 ~/ic 1~’ji’ .4 >. l

~~ 4rd ,~~1. / 4 ’ lj e,u 44i.s’ - 13. ’ 44/4

ji i ’ ó) clC~ ~~ ~~~~~ ~‘
S_J • 05, t3~.3 (‘ 11.5 --“‘3

/~ T ’~9’ O(’? 4~~; 41 14 . “4t  ~fr6 ,i - #••~3

3’ ’ JI 1 4 4 3  45~ 154 . 413/ Z L3,. ’~ 4~ /.1~ “ -s ’

8 ’ Ic? / 42  In ~#‘r: . 4 c ’~ 114.4 4J 4~
j ‘3.9

8~e; s~’ ~j ’ j j / .;c~ #34 ,,? 44~~ -..iø, 2 4 ?s. ’3
Jo ’ ~~~~~ qoi 4s-q C40, ~4’/ .~f3.e’ 4 - 1 . 4  —1 19. 4 43 (. c’
,i~ J’oe ~~~~~~~ 4~-~- 4 ef ’. P/I  3~~~, 2 4>~~,c’ ~~!I, o 4~4.o
)~~~

‘ Jcc j~~~ ~.ç-~’ 0/c ’ .f3c •‘8s~ - 4j( ,~ .,,fI. 9

10 / 2 1 ,~?1 ~~ eqç,i/e ’ 3/1.4 ZI 4.F ~~~~
Is- f18 c~~ 4 s’q is-41. ~‘6r ~~,,s

_’ 39~?~4 ~tT. ?
2 j ’ ‘ c~ 101 4 rj ~c’9 • -c-zj ~ .14.-I 161. ~ +2 ~~. z 41 ‘~. ;

4? ’ fl”? 81~ 4c4 4q i . i~& i4~~~ ~~~~ ~2./”.4 4 53,4
S~’ 12-; c’I~; 4~ i e 4 ç .  ./,k 4 49c.i 4c~

-,~ 
s /9 ,c

j c 4 Cc j’~~ o~r 4~4 ff c~’ , ‘r  4.I. ?i ~ 4d’t:t-~ 
,3).~1 4 4 / . cj

38
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DBNVER Table 8
Date Oct . 16. 1977
Site University

Boettcher West, Room 13

1J.Time N T ( p s)  t ( ps) g (~IGal) T.C. Bcorr ( pGal ) Notes

4~ c,’ ~~ ~fi 3i1, 193 4~o.c’ ~~~~~~~ oqo.) — 4~.9 9~95-~~ 0 1vi. ..~

f’U~ 4lV 4f,� .59d’ 234.~9 oqoj —4s ’.-g
14 8~6’ 200 Iró’t 92? ’. 34 1 ~i 1 5  io)~~ ~~~~~~~~~

~
j ’ j~~4 2~t’ 41e ,~6’/ . 3 4  28/,i isl.o -4/. 1

21~ 4z ’ ~ i?’ !f ~’ 4(4 f!~. 4P~ 4o0 , j  4 4 ~.g —iq.~
44’ ‘~O4 3~~ 48~ h~fi .04 4 434~9 i14,~ -~‘Li
4fr ’ 814 4143 4~9~ c?,~~?’ 6’~~ 44~9,~~~ Di’5’~l ~~~~
c& ~Pf9 ~~~ 49~ %2J . 122 4o~-,4 j i q , q  -?~~ /‘

54 ( ‘I C .~cf3 481 ~ir  98c 3’9.o 1?1.,~ —lf .I
8~~ 141e~ 46’! e’84~ ‘13-’ 4cj. ~ J3,!,q -39.~’ ~‘T3. /

,ih o& 8’~i1 34’! 4fr ~ ~~~~~~~~~ 414$ .13o 5 -39.9
• e3 ’ 9 f ~ ~ui’5 4/ 1 O4 c’. 45’,~’ &s’.5 /00.; -44€

- 
- 4 313 49o / 841 4F4 4 ~~~ 13,2.4 ‘- 4o,z O 7’,2, 4

e’f ~, �45 4è .~‘ 4 5~
j 

• ~~~ç 315’, f O4~/ t ’  I - (,4 ~~, O2 C. 9
10 ’ ó’~~ ~~ 4 9j  p4? ’. 84VJ 4s-~~o A~ s, 2 ‘- 4o,~
13’ f oe  s— ic 46’.! 44~i.s~ 211.4 

~~~~~~~ - 4;o. (

~~~~~ 
‘~oç 0~~4 ~4t; 3j’s- .i~-j 5o~.5 ~~~ —4 ~,,? 1o 3.4

iS ’ J’~ç 242 4J ’j 0. 33 . 40 4  ~?2,o l 4f .~ — 4~ q ,o~ .i 

_ _
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DENVER Table 8 bis
Date Oct. 17 , 1977
Site Universi ty

Boettt’hrr West
Room 13

U.Timt’ N T (1*a ) t (pa ) a (pGsl ) 
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DKNVER Table 9
• Date Oct. 18, 1977

Site University
Boetteher West , Room 13
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DENVER Table 10
Date Oct. 18 , 1977
Site Universi ty

Boettcher West , Room 13

_________ _________ ________________________ ____________ ________________________
U .Time N 7 (p a) t (p a) g (paal) 
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DENVE R Table 11
Date Oct. 18, 1977
Site University

Boettcher West , Room 13
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DENVER Table 12
Date Oct. 19, 1977
Sit. University

Boettcher West , Room 13

U.Tiae N 7 (pa) t (pa ) a (,~al) T.C. 9corr (pGal) Notes
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DENVE R Table 13
Date Oct. 19, 1977
Site University

Boetteher West , Room 13
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BISMARCK Table 14
Date Oct. 25, 1977
Site Post Office Building

Bismarck

tJ .Tim N 7 ( pa) (pa g (~Gal) &corr (,Gal) Notes
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BISMARCK Table 15
Date Oct. 25, 1977
Site Post Office

Bismarck
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~corr ’~~~ 

Notes

~~~~~~~ 113~~1? ~fo 3fr4.~~lt 43.4 041,j P~f.~~ - ‘1-c’ y~’c SI.~~

!6
”
-~~
5

’ (1O C~~2 4).~ 6 .~~341 4Q.L )o~s.! -1’ 419,)’.’
58 ’ 88i’ U.. 4fr~’ ~~~~~~~~~ 57g 34~~ ~ ‘F, a ~~~
ef t~~D 4)’?- 041)’. .i if IfiJ 7W.d’ -(.S
(~~~

‘ 8~5 4 c,~ 4~ 149.  6’~~ fl~’4 ?? 9.~ ~~~

‘
. ~ 

�~P ~. 2

c~’ c%’o 0?) 4fr~ ~~~~~~~ .254 .?~~‘.I ?~?-4,Y -Co

j~~
’ 8t~ 4)j  4,)~ ,2~~. /,è~~~2 •5~~~ -~So

,g ’ S?c I,,. 4?’~ o ,~o. 4o..’ ~%‘~ti ,?,&o .4.? ’ P/.3.1

,!~~~ 
ä,tL S ~~ 41~ 4V.? ’~t ~‘1~~ �?o. J -I.~i

.~5 ’ (fL’c619 4,1’ ~~~1.3~4 4i7.z ~~~ .1 ~~~~ ?~).~j

4o ’ ~? ‘ç9~ 3 ~~~~~~~~ ~io. 4 3.2 ~~~~~
43 ’ 84 X~’2 4fr ~ ~6/. Icb 3341,5 ,~~~3 -.1. 1

45’ ~7C 4oo 4~s (~~ . iii L&’.~ ~~.2 -.~ o

4? ’ 8?’5~ 
5,) ’/ 4? ’.r Z,?/ .  ~~~~~ ~~~p.o -3~~

~b ’ ~~?1 Ico 4,~ a’,~~. ~~~ ;�“.~~~ -~~~~

47

_ _ _  
-



- ~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ 
- - - - 

~~~~~~~~~~ ~~~~~~,~~~~~~~~~~~~~~~~~~~~
_ ‘ _ - 

~~~~~

_

TEl PAGE IS D~~7 QUALITY PRAGTICA3L*
~~OM OOPI Ft~~U.S11~~TO DDC —

BISMARCK Table 16
Date Oct. 25, 1977
Site Post Office

Bismarck
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BISMARC I( Table 17
Date Oct. 25, 1977
Site Post Office

Bismarck
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Date Oct. 26, 1977
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BISMARCK Table 19
Date Oct. 26, 1977
Site Post Office

Bismarck
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Date Oct. 2o , 1977
Site Post Office

Hismarc k
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• BISr4ARCK Table 21
Date Oct. 27,1977
Site Post Office

• Bismarck

Tim

f
~~~~~~~ T (~~s ) t (es ) g (p 1) 
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_ _ _  _ _ _ _ _ _ _ _  

r r,i.~s ~ _ _ _ _  
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THIS PAGE IS BEST QUALITY P M ~flCA~~~
F,~~)M COPY Fl.fl~NlSI1~D TO ODO

ALAN060RDO Table 22
Date Nov . 3, 1977
Site Hollomon AEB

Alamogordo

Time N T ( p s) 
— 

g (pi ) T.C . g ~~Gal ) Notes

____  _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  ____  — ~~~~~~~~~~~ 
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ALAMOGORDO Table 23
Date Nov . 3 , 1977
Site Hollomon AFB

Alamogordo

U .Iimc N f T (p&s) it (rs) F ~ (f~Ga1) T .C. 1 g (rGal ) Notes
1 

( ,&f~iil9 corr 
_________
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N T’ 1,’c~ / Iç ’~~~~~ 

~f 4,
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ALAMOL~ORDO Tabl e 94

Date Nov . 3, 1977
Site Hollomon AI lS

THIS PAGE ~~~ BEST Q1JA1ITY~~~~~~~~~*~~~~ Alamogordo

~~~~ 
j~*l,1S~i~~ TO

Time N T (ps ) 
~t 

(~ .aj g (~ G~i 1) 
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ALAMOGORDO Table 25
Date Nov . 4 , 1977
Site Hollomon AFO

Alamogordo

U.Tiaj N T ( pis ) 
It ~~Ls~~ g (p 1) 

I
T.C .

~~ 
gcor~ 

Notes

Al rP tj~ 3 J i ~~ 
‘~~ T -C. 

~~~~ ~~~~~~ ~~~~~
~~~~~~ j~~~

, 
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3?’ ~~:~I ~!z 4’~ 2 41 4 . 102 ~~~~ 3ig .~ ~~~~~~~~
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49 8fl’ To/ 41’ 44 3 - . 7~’.i ~- ?i.’~ ~~~~~ -41.~~ i~~c.�

~b ’ 8S~ 1,41 4f r o /02 . ‘8’ ~~~~ )~~~ ,3  4 4 1.e,

59 ’ (~‘ ,~1 412 0413. 9~1~5~ 5Z’3.S i/ l . 8 4 2.1 319. 4
j ~1’co’ ~ç9 ~4o 4,~~ 235 .1~Z 4a4 .I 24,P, -’~’ 4 1 ,, ? 2 4 ’/ ,~
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TRIS PAOI IS BEST QUALITY ?RLCTIC&BI.1
FROM COPY !U1~1US11~~) TO DDQ ~~~~~

ALAMOGORDO Table 26
Date Nov . 4, 1977
Site Hollomon AFB

Alamogo rdo

U.Tiu N T (p.s) ( gM ) g (~*Gal) T.C. g (~ Ga1) Notes
_______________ ______ _______________ 

( ~~~ 
COZ’i’ 

__________

i?u eco ro~ 4~y oj?~ .d’~ 2 114?.5 91?? 13 ’? 34M - Jf..~ 777 I3~’ j~~~,
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~~~
‘. )~‘
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3i ’ 
~~~ 38~f 4?~ ~ ?c 31o j oI.3 34,1.5- -s~ci~
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~5’ •~~
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Dl 9~~.’ 16r 4,~4 ~Si2.~1I9 44o,,k 31c~. :—s c c 3o9. S
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. 

-
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O’1’ à’6€ ‘icc h~3 ~~~~~~ ~~~~~~~ ~~~ 
.., 4, q
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ALAMOGORDO Table 27
Date Nov. 4 , 1977
Site Hollomon AFB

Alamogordo

Time N T (es) t (pLs) g (~&Ga1) T.C. g (~Lai ) Notes
i~.1~al ) corr 

-~- .
111e’q’ N 7~ j~v s J / I7.~) ~ z,uJc&e 

~~ ~~~
. ~ .-~ JJ ~i ~~
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3? ’ 

~ ?c~ 1~~ 4~~’ ; *9.oza. ~~~~~~~~~~~~ 39fr~ -u c  ~~~~~~~~
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s~’ e~ ’ 6’~o 4~~ 441o .~~ -i 3418.1 3~6.~1 -sj ’.c 344 ,4
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ALANOGORDO Table 28
Date Nov. 7, 1977
Site Hoilomon AFB

Alamogordo

v.Timej N T (ps) t~~ 4s) g ( ,~Ga1 ) 
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THI S PAGE IS BEST QUALITY PR6CU!~APT~*FROM COPY 7 7R13.ISHED TO DDC ~~~~~.-

SAN FRANCISCO Table 29
Date Nov. 15, 1977
Site Accadeiny of Sciences

U.Tis N T (,*s ) t (~ s g ( ,~Gal ) I T .C. f g (,.tGal ) I Notes 
—

~~~

____ _________  _____________  ____ 

j (,&C.s~1~~ c o r!L . . 1

_ _ _  
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1i74,I ‘1~.6. 4~ I’8.O ~6& ,4

(“f~& iI3 I~~i 
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~t2 ~~ 4?4 ? 5q• f4 ~ 

4c~.4 90,?’,i -I,’,? t?2 9.4
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/3
1 J/? ’ BRr 1?~ 

çp~? 1,22. / qi
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16 ’ 4’~~ 06i / ~‘~ 
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2; ’ 8s~ ~~o 4,?o 149. ?PO 391.1 9s~
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35~ d’~~3 5~ / 4.f r 3.s’r. or7 ,9f.7 9$ / .3 - 751 z371.�.
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5~4. 90; 4~?’z 11( 011 3445 ‘1349 74q 4 ~56,I
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SAN FRANCISCO Table 30
Date Nov . 15 , 1977
Site Accadem y of Sciences

Tim. N T ( ,is ) t ( p .sA g (,~Ga1) l T .C.  F g  (piGa!) Notes
~~~~~~~~ 

corr 
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i~ ~~~ 8o~ 4 ?411~6.r ’5 ’ ?13. j 4 ’f t 4. C -44.c (/5 ~
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~~IS PAGE IS BEST QUALITY P A ~TICABL*
FROM COPY ZUI~4ISK~) 1’O DDQ ~~~~~~~~~

SAN FRANCISCO Table 31
Date Nov . 15, 1977
Site Accademy of Sciences

Time l N I T ( ps) it  ( Ms g (~ Gal ) T.C. g (rGal) Notes

I. I ‘ _ _ _ _ _ _ _ _ _ _ _ _  ~~‘ -—~~~~~~~~~- —_____

_ _ _  _ _ _ _ _ _ _  

71 Z d kS .3 ~~~ .J ~~~j ~ ei  ~~ ~L ~~~~~~~~~~ 
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~
,.z 

S
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~~ 8I~C ‘(5’ 47( (~3.~~ 1r 
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f 4 .o  ~/41,4
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SAN FRANCISCO Table 32
Date Nov . 16, 1977
Site Accademy of Sciences

Time N T (sa ) t (pa g ( &~Gal ) T .C . g ( v ~Ga1) I Notes
_____ _____ -- - 

I I (~i&a~1~ 
cor!’ I 

- -1- -

_ _ _  
A’ £~~~s~j  

_ _ _  

is~/13 7~ c- /~
, / J .~ ,c’o,~ c~~

?16 74 ‘
~ 4 “9 3) 2. l t’) .230.4 ~19 f,~1 81~~e - 4/s 1V~ ~~IJ ~1’~ t~0~d 1~~.

1,
~ ~~qq DP~’ 4Th 35’1.d’c 3 - ’~~”1 ~)5~~ ’ - &Y..2 817.5 ’

,r1o’ 820 d ’ke’ ‘f l o  525.311 b1~’.~ ‘, oa ,.4 -5j, g

~ ~‘21 1(1 4412 lie. 4f~’ 411.4 ~‘co. 2 -i / .c i~~ / ,~~i

3’i’ (i’~ o29 41D o / 4 .S/0 3S/. ’j ~~~~.“ —14~4
4~~ LU 5”! 4411 ~~~~ OS, 3~~,7 ~~~~ -a.i ~r4,5 eI~l i~~~~
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SAN FRANCISCO Table 33
Date Nov. 16, 1977
Site Accademy of Sciences

Time N T (,‘s) j t  ( p.s ) g ( rGa1~ T .C. g (lAGal ) Notes
_ _ _  _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  _ _ _  _ _ _ _ _ _ _ _  

i~aa1 
_ _ _ _ _

a 1~~ _ _ _ _ _ _ _ _  

‘r £ 44 S~~ J f ~~ ~ r,~f r 4J j  ~~~~ ~~ LT ’/~/~ ~~~~~~~~~~~~~~~~

8?~ /5’ 410 3,~9 .415~4 3~/. ~/ 9  f?’ / ~/ / . o _ 4
~.’~ 

q,�~’ f7.’ 8~4.g

~j  ~~~~~~ 3c~~l 4~~-~
’ 

/ 3 q .  ~~~~ 
46’3.’, ~~~~ -4s,,

42 ’ 1~’o ~~~~ 4?” (31 • Zd ? ’ iii,, 923.4 —41: 3
4, ~~ q ~4o 47~ 93.t. f~’o’ Hi. ~ 93c~~ -44.5~ 

gf c ~.b
48 ’ 8~ 3 1&? 4 ~s ) 4 3. fof 3f~’.~ ,,,,1~ ~ -1,3,7

51’ 8?’l U~ 11 41  ~3c~~f S !  2~?.’1 f c,.o -47.’

~~~~
‘ ( 5 / 4  8~% 4-7 T 422 .411 13,~.I e5/ , J  -4 ’.’

5 i~ ~~~~ T3 ’1 4ft5~ 414 • o~u Mo., ’ ~~ ~ -4. i.~ 
p_4

~
__
~ ~.d

~ X c (8
~ 

414 5/ l .tPI 505’v41 
~~~~ 

-4441
o~ j ,r~ ~~4 475 03/ .. 2r0 264.7 ,c3.# -ø.i

c~O
135 8&~ 128 <.79 “,$‘~~‘ .2 4Z  ~47.o 11,6..’ ~~~~~~~

4~ f?’~ X4. ’ b79 6k5- ,,z7/ 311.1 (4M - ‘8.7 cf !2.’

~f ’ ~‘7~ 41(i 4 ? ; -  93i. /7? j7j -~ ~~
,-3, .IáI ì

~~,
‘ S ~‘ o ; ~ ~~y oz, . 44 ’ ~~IS. i - l1’ ‘1

f/?~ d’03 4~( 2 3 4, ,4 0 ,? 441.9 i’3c1b ..i1.~
31’ i lS ‘141 4~ 3 oo~’ •f ,~ 1f1 .~. 9/s’,~ -11.4

- 4 ’~.d ~~ (ti 03 2/ 1 . 419 5&, 3 f i I .i -~1.o
Ok ’ S~ , o s z 4~-4 ;ft . o~~ 42.~’. r ó’,~ i ~41. ~ 8 ~~~~

ol’ 8 13 ~f ’o ’3 4~ s 14’~. ff9 ~~~~~ ft/ . ?’ -~ .4
ía’ d~~ 8o~ 4~~ O5’~~,t5e, ~~~~ f3 5, ’s —

~~~~
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SAN FRA NCISCO Table 34
Date Nov . 17, 1977

Site Accadenly of Sciences

IJ.Ti1 N T ( j~s) ~t (~Ls)~ g ~piGal~ V.CI~ 
g ( ~ Ga1) Notes

_ _ _ _  

V “i’ ( A ’t  ~~Tiv~~~J 
1’A’/~~~ .rc ,/~.,.. ~ fr/~/~ A ,a)a

A?’4’ ~~ f /40 z~ o j U.cly 4M /  f ~f t7’ /p /~c -tZ. 1 ~‘frp f7i d’~~.c’ -

~~~~
‘ .

~‘9I ?‘~fd 41o’ ,~l ’9 54f ~~~~ t21.o -11.4
f3 ’ ~9 (5 5Zi i~ ?‘I 331, . #4 44,’, ~ 8c 3’ ~ “~‘5. ~~ 6’I 

~~

‘, 9

~1
’ 182 4,9 4 4 f5’ ‘~‘( 151,2 cl’JIv / -/~~ 1r(f~ 5

A~~~~ô~ #Pd’ 25’o 4, ?/ ~~~~ ) #i.f 9~~~1
’
. 2  -/1”

oi ’ 
~~~~~~~ 

j oq ~~~~~~~~~~~~~~~ ~°9 4.) ’ -34 i cf6~ ,4

o~
’ fto 501 ~~~ USS cI’ 14/. 5’ /d~’,o -3l.~~

01’ d’?’8 3414 41( ~ f 1sz’,e’ (ei, c -. 3),o

fi ’ ,~f i4 Dl-?’ 4) y / i I ,~~o~q 11, _I 6~7I. I -39.d

js ’ d’?’~q Ô~.f’7 ~~~ 528 .211 141.41 8’5,c• -~
1-.~

.‘8 ’ j, s ~~~ 47, ~43,I’/1 zcz.~ ~~~~~~ -.
~~~~~~~~~~

23 ’ 
~~~~~~ 4 f r  4~ ( 

~~~~~~ 3~~,7 q to. ’j -3d.’~
£5’ ?;8 46 EV 4~~ 33 t.U ~1L4 8~c.( -$‘f ,~
23 

~~~~~ ~~~ g ~~~ ~~~~~~~ 1l~ ’~~i ~‘~?q. 4 ..4~.O

i,i ’ 4~P~ 5’1c 4~~ Pi i,~~.to ~~ ‘t ,r I’?..i -~.P. 2 -

W o’~~ ~~~~ h1~ ~4&’.~ 4r ii i .. 85s,# ~~~~ S ’P.~ -

!~~~ 2~~ 141; 4~c M~1.ffi 421.0 934. ° -U,v
38 ?I’c f c ’4  ~I’~ 1041 .1/ 9 5O1~ qO41~~ 

.-4 1.,.’j 861, 1.
1LJ~ ~~/‘~ ~~~~ “‘ ~~~~~~~ 3t4 , l ‘/i~~o -41,4
4,” fli~’ ~4f 4141 734 ,s~ 2,”?.. i~74. i~-~1.i
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SAN FRANCI SCO Table 35
Date Nov. 17, 1977
Site Accademy of Sciences

Time N (p a )  t (pa ) g (9 1~al) C. 
____ 

(~,L3a1) 
t

NOteS

____  

A, T A> s) ~ ~ i ,~
. ~~e ‘~ r. ~~~ 

£ •~fr~ 
0

,y
b
*?

I 
~‘/4  ~~~~~~~~~~ 4?0 S3?. ~‘03 59/. F ~‘7.V )

~P~/ 1/i-., 4#~ ~~~~~~~~ 
o°~/ .~

5~’ d’8~3. F € 2  47? ~ f/ .  lb X4~ .4 (f4~. 3. “i~.S’ ?‘kd’.(

~a’ a’o” o4~ 67,~’ i~4. /13 +141,3 ~3.1.( 1’I.J (
~6’1.#

S “~ 41 8o~. 4.~w I,4.~ f/ i ’, 3. -a.?
0) i’~~~

5 3~~’4 4~5• 5~6. 0L) ~~~~~~~~~~ f01~~° -‘1.0 i’.~ ’-d’
%

‘ (
~ 1 ~i8 4141 Js 7.o ç c42 4,~ 933.~ •419.4

‘~u~
’ f~~~2 J 4 Z  47~ 41, ’~. fl4 ~J~t ’~ 103,1 -~1~

1~’ ~f74 192 47~ ~?c3.d~,I2~ 4f, , 922.o ~~o, 2

/4 ’ e~ 4 ~~ 4~ -~ 3~~~’~ ?~ 4~./  94 o.? 40.~ t b .  g

~‘~~
‘ 812 DI~4 4P4 ~P?. 41d’~ 3 5 ? ,4 V3o. 4 -1’,o

rO’ ~~~~~~~ 
47; foo. ,#,è, ,.~i,c 9.,í~,~ -,~‘i.a ~ 4.p j~

2i ’ ~1~~€.t4 4,�’c Jc~. ror t~9.( ~~~~ -7,,’
2e 111 ~~~ .~~c i~ o.4122 434.1 ea q, c -PI.~~
28 •~~ ~‘6~ 4) 5 4cz,’.p 3 ~~~~ ?f4.f ~ e i  

~~~~
3s ’ ,‘pc ~‘41 4)ç •~~~~~~o4 ?u, ,’ •‘i . 4

3” 875’ ~‘i’~ 4P( Ph1 .°ft 431.0 6”b4.’ 1PJ ,3’3) .~
(~~p ~~~ 4~,z f~~~)~~ 15.? 2 ’5~.4 ~O,. o ~~~~

l.a 5,’2 Il l  4?~4 . ~~ t ,c q)~4,,, —Pt.~ fsi. 2
,,f 8P~ T3 8  4Pç 4oj . M; 3~c.) ?4,~,2 --1i.c
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MIAM I Table 36
Date Nov . 22 , 1977
Site U.S.  Naval Observatory

T ime N T (~ s ) t (ys ) g (p1) ~~~~~ Ry0~.p
( pi.Gal) 

- 

Notes

ll.f I k~ _ _ _ _ _ _ _  

(P t&~~ JI)I I~ j r~/dJ r~. ,c~.., 1,~*f r ’~ ‘o 7 E ~

I4’~? f U  b$,) /c~.cd”4 ~~~~ ?‘~? *‘41/o.r s - ~~~’ fr ~~Cc)4 d~ /..j

I7~’p~ ’ 
~~~~~ ~~~~~ 

4(41 f4/, r#J~ ~~~~ o4 ?, 3 ~~~t - ‘°‘~~~• 1
ic,’ ‘j~~ ft4 4(~ 0941. *7/ 5ao. S 14 ,.( ~~~~

~~~~ ij 4’j ic i, .~y.r j ,~.c .~5-p~
141 ~~~ ~~~~~~~ 417., ~~~~~~ 

-4~~4O

3S’ 

~po 
~~~~~ *i ~ o~~~./4 t ~,-1 ’.S• t~f4 . Z  4414o /M

44 ‘b? I3~9 4.Q”~
- ‘pi:. ,‘~,8 3M, 7 ~

4P ’ ~~~~~ 53~’ 4’d’~3 ~ “.-~‘1 4141.~ sf9.~~

~~~~~ 
‘jo~ i,~ 4j~. ~~~~ 5.’/ • o et’/. i ~c’~’, I

53 ’ ‘~oq a/i 4f.~ 4~4’.~~ • / ~Ø’.) oOf 3. ~c8~
55 1°! 74’41 483 ~~~~~ J’11.4 ~~~~ 

45tc ‘/1 .?
cq’ ‘f °41 ~~ 44~4 /3~9. 4o~ h eo.r O,~~,j  ~S(,o o~f4~r

ci ~3oI ‘~4o 482 ‘1~fr. 14i 1J,~ ~~~~~ 
45j ,~
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MIAM I Table 37 
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Date Nov . 22, 1977
Site U.S.  Naval Observatory

Time

x 

N 

1 
- -  ___  

g ( j&Gal) 
_ _ _ _  ~~~~~ 

(~iGa 1) Notes

____  _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  

z,.si ~ fid .~ 1’c- ~~~ L,L/I) #e7i

~ 
‘4~ Yb 34k’ 4F~’ 

f ,’~? • 1~’~ 4#I. # x’4 o~”)~ -. I,P.4 f l~? °°‘~, ~‘d’/ ~

(
~ ~~

‘ 

~‘o~’ ~~o 4f41 ,~~/ . (30 21/ . & ~~ i 46. 4 I,!. ’, ~

~oi~ f36 4~f.3 ,2l,?. I P1 1’ c”.O 1:41,4 .
~. 4’, ( ii,. .�

~~~~~~~ 
‘°~~ ~~ 413 f~,?-~ f3.j 4~ o’., 13.. ’ -+41,e

I 
~~~q 4~i 4 ó~ 3/5~, 

,t7, /fr~~~, ~ .e~ ~~ ~~

/~~c~’ 9~ i P61 h~f2 5(3.O~~’ Ilc ..i ~4.d’ i 3 9~~ 4,4

~‘,; 8,~ ~~ 1h~ • j ’43 A?v.# .P7. 4 i-18.2 6’5 3

~q d’?cf 4(~ ~. 94 $ 4 ’16.7 a ?f r, 2 -4 ’1 ,o -4’~~41~.2

ió’.c. ’ Voj ~~ 46’ a. 1,t1~~l,? ~ib,/  )39.~s’ 4 7 2

oS g’.~q 241 4(z 2si . fi,  ~~~~ 16/. ! ~~~~ ~4~k4
o~’ 9f1 ~3s 411 ~34. ~~~~~~ 4o(, p ‘tb,? -4 3.4 ‘Ii ?

‘~1f ’ 8?1 41? 482 o4 3-,3e~? ~‘or.,� ,i’-~.i ~~~
~~~‘ (5~~~~~~0,~ j ’  4,3,’ )35, ~~ 5’b d ~‘1~,0 4 ,3  4~~.3

j4’ P94 3o~ 4#o ‘/ts ‘‘14.3 4/1. ‘1 10 2 -4. s’
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MIAMI Table 38
Date Nov . 22, 1977
Site U.S. Naval Observatory

Time I N T ( pm) t ( pis) ’ g (uGal ) T .C.  g ( i*Gal ) Notes -
~ (,lCa1~ corr

_ _ _  
/~ ‘7’ ~~~~~~~ k~~~~c~ ~‘ t~v/a./2 1~~. fc.~

, ~1~JJ) ~~~~~~~

~/ ~ ‘ u~
, ‘,-~fo $3o.~’,’,�’ hi/, 2 ffl oo4 ,r,~.,i -/f,f ~‘fr,’0e4,31,2.

sq 1y#pfrr /,lo 3oo.4b~4 2811 12/ ~~ -30.o

IT ’~’; ’ f~~ 3741 41.’ 413.?”~’P 40.1i  ~ -.~~~,-
“~ a’i~ 

21,~ 4(2 2S3~ i-il 44~ o ft’3.f “~~~4 141,.~
~~~~ q~~~~ ~~ b~f4 9.3/ , /641 43),~ 1’8.8 -1~.! 54’
j~ ~~~j  ,q~~ 4f i 7s ~~ d~’o 411,a .ic3,c -3~~
1-i ’ ~f ’f r,~ 4d’ 591,P6D / / i.~ ?t’f’° -41.1
li (941o~~ 48J ~f ) . 1(o %~,4 141?. ,? -4 1.o
23 ’ 5~’4 377 4ô ’o ~‘41 .74~’ ;~c.z JViJ -14,,

4’ (U v/c,’ 4(0 ~~c ,41d~ ~~~~~~~ 23c,~ -4l,~
30 ’ 564 197 ~~)rJ fIt. 616 16~’ 197.4 - j ’o
3b ’ Jo: 2tá 481 069. /18 ~.i4.9 ‘3A � —ct,i o°s’ ,,
~~~ ‘ y~~~~ j~~ 4~/ ~~.‘I. 1ff’ .31 7, 3 /4~ ,o -5),~

4 3 ’ ~oS 59’o 41’i 95/ / F~ ~41.41 )~~.3, —541. ’J ‘23. 4
trS’ b?fc 35 ’# 4~/ i  209. 41/ ~~~~ 138,3 -~~:c;~
5O’ 1V41 tic’ 48/ f r I .  ~4’fl j/,,o 14( / -‘R i ~~ e,e

0’ ~?f1 / So 4~1/ ~Io,/o~ 5’9,i ni,ç -i’o,s
5.~

g $fI 30, ’ 4J’/ 1~SJ ./ 34 fr/,41 ),,“,I •&,9 I2I.a�~’ 
- 

-

ID1al’ ff5 .~3Z( 4~/ .~ ‘1’*’f 4)/. i 213,i 413,41 I4y ,~
$fc 4/4 4f r s 1 ~oJ , 4p ~~,4/,9 ‘,)~J -

~~~~~~~,f J2P ?
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MIAMI Table 39
Date Nov. 23, 1977
Site U.S. Naval Observatory

U.T1m1 N T (p m )  t (p m )  g (~Ga1) 

~ 
~~~~j~~~~corr 

(~ Gal) Notes - -

_ _ _  
N ‘P f ,bs~ _ _ _  

f  r,f r / J~ -7~ /~
,,, 2~~/d) Ne’7-~ ~

-

j~ ’~~~
’ 

~41 115’ 493 f ’ .d’67~ 3J8 . 1 ~~~ 4)4 ~~~ -~ se.~ ~~~~~~~ ~~~~~

/q4 ço’ ‘j �’c~ ce’,’ .~co0 F~o.~’2a 1.3~ .1, ~~~~~~~~ 4~~
J~’io’ 105?, J44~ 5f i  tf f t ’.341 2~i 8)  iri .~ —7f.~ 

-

A3~ 9? I  I/ O 501 A~ 4 . 3J 41 ~~~~ I5/ ,~
, 

~~~~~~

.4 ’ / o ci 1,PI 521 6’ . ~~ q 43c ~ /5~.3 —8/. 2 ..‘ci~, .~
i 03~ f/i’ 5,P 3?d .6’tF 221,0 j ~~•~’ -..J’.7i, ~l4.4
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MIAM I Table 40
Date Nov. 25, 1977
Site U.S. Naval Observatory

U.Ti4 N T (us ) t (pis) g (~iGa1) T.C. 1 g ( lAGa l) Notes
(,A1 a1~~ corr

111k, 
_ _ _ _ _ _ _ _ _ _ _  

r 1,4 ~1 ~~~~ / r~ frd) j~~~. f~
, h7~JJ)  N

J4~ z’ ~~~~ ,c9 f i ’  ,c~ / , 4 4/  4PI. 9 p ir~~ s ~~~~~~~ — . ~~, ~~~~~~~~~~~~~~~

1032 Iv1~’ 516 P~’TOS~~~~4 4’l.i c4~ .q -4J1.~
4$ ’ f~’3,:9 3X~ c i ’~~~~~7 ~P/.o ~~~~ */2.~ ~~~
~~ /~ F~ 321 51f 4u .ea b8;,o cq,e ,-jD.~
5a’ 1Q2 19~ 5D6 rb/ I/ s ~~~ j2l,Z +d 1, -~’

/ 1~o~’ q 31 4s2 4 ~d o79.. 9,~ /sZ.’/ ‘/ ~ 
,,- # 1/v ~

~r’~ )t33 ~6’Ô 5~Q ohf, 66’, 3a•e 108, 6 -- ,�,~~
43’ ‘tf 5- 244 50? 342,j ft 4V.i J ck~,~ ~~~~
53’ ,‘o)I 420 ~ /? ?3f ,5co 3~4, s- ,161 s- — (5’.~
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MIAMI Table 41
Date Nov . 25, 1977
Site U.S.  Naval Observatory

u~~i.e[ N 
~~~~~T ( r s )  

-

~~~ t (p m )  g (~~Ga1 ) 
1 j c o r r ~~~~~~~~~~~~

0tC

U1i~ i tII 7’ T,i~~~ 1r,h~~ / Z c ~’~ 1~ C, cL L ”fr/3 i~L

j0~2’i’ 34; f/F ?(, .4~~3 4 Vi. ~ 001, irf~~ - 4?.p 9,P~”? oc’ i0$ (
5’,’ J~ 33 

3c1’i, f I~ 97) . uo 4 1/. ( I8~,4. 
- jjp,,~

!i”4~
’ ID7 O #?(  f~t, 3o~~./ ~ Jf~~e, ~‘~o,1 _dZZZ

Zt ’~U’ /01 ‘164 ( 5’r3 -roo. 5~~ IdI,? 105,I 43~,41

~~O
’ I0/, 3~~03 ~ / ‘i 4.j3.co~ Ir

~f4. / j’~,41 -14.3 )/c.2

q~ ~~~~~~~~ fj 5 ,l I-/ . (6~. .
~
%•$‘,l ZZ&. i -d’4 i

14, ’ / 0 30 (43 5i~~33,’. 619 341,3 21’1.4 -f4 ,~
58’ .iOI~~~~~J 524 qa’~

.j 1.
~ 480,1 £44 ..~-8I.,~ -‘411.3

2;~~u,’ io~ i /82 S24 3~~3. /7s ~~~~~ - J’I..~
42 i o 7~ 4i.91 517 3 r8.2Z~ ~ ‘c.,, ) ?4,’, —~2.i

45 ’ i D?3 384 5241 ((4,4/p 508,o j4);� -
~44

So’ 106 3 ft( 524 5’1t.i~U .44i.~’ 21~ ,1~ -61$’ ‘ic y

5~ 
1o5 ’~ P4141 511 ~~~ 744 

1~’S41,~ 2.~~2 ‘-6~~

ç~~’ j of 122~ ~2C 
//_o, ~~2 2 4 ~~~1 ,141.o -.15~1

~~~~~ ~~~~ 312 f / f  4?0.0o’~? 435 , J ~~~~~ -412~~

o4 ’ 1043 ~~~j  ~,q~~’c.f’z 4r?.i ~~~~ - 6l,~
0’1’ ~~4?r 531 ~.o2) V. fl 41 ~~ •‘ / cd’,,? •58.c

11’ ‘“55 If ’  111 3’/1.a7 133.4 I’,(.2 -5,”,4 o(3.j
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MIAM I Table 42
Dat e Nov . 26 , 1977
Site U.S. Naval Observatory

j.Time

1 

N T (pa ) t (pis) S ( pGal ) ~~ C 1 g (psoal) Notes - 
-

_ _ _  — 

~4) 
~~ 

[,4-S) JLk$3 ~ r,~~~h 7.c, f~~ ~~~~~~ _ _ _ _

~~~~~~~ ,4’ e’~~q~~ i~ s1s ,‘si .°~’ 
5o?.~ 9�f~~~d~ / ~f.0 —3~~ f oc’+134’.?

~~~~~~~~ ~~~ czz  4~8 . 4 5 4  6~5.o o14.t - Q.4 1/l. a

~~~~‘ ,.oso 4q; ~~~i t34 . 41~’8 324., oCI.! - *f ~~
0,~’ 4 031 4!S 5/ ~ 91/. 6~~Z !S’4.( O4k~~~*~ I,,d ‘4 /.~

~ ~~ç~qo ~oq 87, ’ 4~ O ~~~~ - ST -‘4? ~
4’ ft5 p~~~ 5op~ 30~ .6

’ft 493.5 ii I~’- 
_ .~~~ 1o5~~

2ff ’ , o 4 S O W  Sto I3 1~~I” 3~~~~b’ /o /.t - i.I

55’ 1 ~ ‘4 17’ 5’! )~4 . 3~J’ 5D~~ t ~~~ t ~~
. 44.3k 14 (,

58’ •A~)44 f l4  ,‘S ~~F . V ’~’ ill.L? ?d’~i 4 1S’,S .1i3.~
I~~p4 ~ gf ~v; sos ~~~ £j~r .V1.1 10~~ -i ’S7. ‘Mo
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BOSTON A Table 43
Date Dec . 2 , 1977
Site Hanscom AFB

Bedford

J .Time~
j
~~~~~~~~ 

____ 

T (,~s) t (/Ia )~ g (~ Gal 
~corr 

(4ptoal ) Note

_ _ _  
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BOSTON A Table 47
Date Dec. 3 , 1977
Site Hanscom AFB

Bedford
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