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ABSTRACT 

Electronic gr·ilvlmet.:r is a Lbree block 

ins Lruments - viz: the ec-lec tron gun sy stemJ> 

the electron deflection syGtem and the electron 

detection system. The electron gun system emits 

beam of electrons which moves vertically upward. 
The electron deflection system controls the 

movement of electrons in �he electronic gravimeter. 

The elec trons detection system d,tects the electrons 

that are Pmitted by the electron gun system and 

are recorded as current on a meter. All the 

blocks are enclosed in a glass envelop in which 

the air inside is evacuated. 

Electronic gravimeter measures the potentials 

on the electron detection sysLem at a given 

current at different stations. From these, the 

values of the acceleration due to gravity at 

different station can be co�culated, and the 

difference in accelerati on due to gravity cetween 

based station and any other station can be calculated. 



CHAPTER ONE 

lNTRODUC'J'lON AND LITERATUHr. REVIE'# 

1 .1 Introduction 

Gravity prospecti ng evolved from the study 
of the variation of the earth's gravitational 
field, g. 

Over the period, studies h: ve shown that 

the mHfnitudE of thi:; gravJty on the earth's 

surfRce is influer.cert by five fact.ors: latitude, 

elC'v"ti('n, topography 0f the surr'.:und � ng observa

tion point, earth tides and lateral variations in 

density of the subsurface. 

The la st factor l< the only one of significance 

in gravjty exploration. Even though its effect 

is generally very much smaller than those of the 

other four combined. For example, the change in 

gravity from equatrial to polar regions amount to 

5gals , or 0.5¥- of the average value of g, while 

the effect or elevation in some cases might be as 

large as 0.1gal or 0.01� of g. A large gravit y 

anomaly in 0:1 exploration, on the other hand would 

be 10mgals (0.001� of g), while in mineral areas 

the value would usually be one tenth of this. 
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1.2 Li te rature r�view 

Introduction 

Since the detection of an anomaly in gravity 
Prospecting requires that we measure chan�es in 
g at least as small as �.1mgal, it is not possible, 
as mentioned earlier to determine g and absolute 

g with the same instrument. The absolute measure-
mn1t is carried out at a fixed installation and 

involves the acc1;ra te ti�iing of a swinging penda-

lum or of a falling weight. 

ways. 
Relative measurements �ay be made in various 

�hree types of instruments have been 

widely used at different times for gravity explo

ration. Tbese are tt:e forsion balance, the pen-

daluro, and the gravimeter. The latter is the 

sole instruu1ent now used for prospecting. 

�1-.2.1 Absolute measurement of gravity 

(a) Falling body 

Although the timing of a freely 

falling body was the first method of 

measuring g, the accuracy was very poor 

because of the difficulty in measuring 

small time intervals. Within the last 
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fifteen Years this method has been revived 
as a resalt greet improvements in instrumentation. 
FlaborHte installations for this purpose are 
now loc�te d at several national laboratories. 

The ecoeleration of gravity can be found 
from Newton's equc1 ti on of motion hy noting the 
time interval between two points in a vertical 
fall. If the falling body, whict: st:•rts with en 
unknown in1 ti11l velocity, falls dis tancE:s s1 and 

s2 in time intervals of t1 and t2 re"pecti vely 

(all quantities being measured from the starting 
point), then 

g. 2(s2t1 - s1t2)/(t2 - t1) t1t2 • • • •• (1.2) 
In order to obtain an accuracy of 1mgal with a 
faJ J. of one or two metres, it is necessary to 

time to about 10-8 seconds and distance meanure 

less than 0.5 micron. 

(b) Pendalum 

Until recently the standard method for mea-

suring g employed a modified form of the reversible 

pendalum originally developed by Kater in 1818. 

Installations of this type exist at �ostdam ,  

Washington and Teddington. The value of 991.274 

gals obtained at Postdam in 1906 is still used 
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as the nominal value for· co,•!partnon of g at otlier stations, althou�h it is now known to be too lrir?:e by �bout 1'ungals. 

'I'he value of g is obtained by timing a large 11umbcr of oscillntions, then 11aing the si�rplificd formulf1. 

g "' 1in2I/T;> MH • • • • • • •  (1.3) 
where I is the moment of inerti�/ 1T the period 
'IL the mass and h the distance fro� the pivot 
to th€ centre of mass of the pend�lu�. In the 
reversible pendalum the factor I/rnh, which can
not be determined with hi�h precision, is replaced 
by 1, th� length of the eguiv8lent simple oenda
lum - in effect 1;i weightless, PErfectly rigid 
connection bet.1een pivot and ?Oint mass. 

The accur:3.cy .requ1 red for 1' and 1 here is similar 
to that of fall1n� weisht apparators. 

1.2. 2 !'?elative measurement of' gravity 

Any method of de�ermi ning changes in g 

(or, in tact, of comparing g - values from station

to-station) is a relative measurement in that 

it has not been obtai ned by a specific determi

nation of time and length. Obviously the great 



5 

majority of m£�surements 
Here various 

are of this type. 
techni�ues !or �aking relative 

mea surements of g are describe. 

(a) Portable pendelum 

The pendalum has been used both for geodetic 
a'1d pro spec ting purn:>ses. F'or examnle Bouger 

compared the periods of a �endalum at variou� 

location in South i.roerica, Laoland and i'aris 

about 175'>. 

If we differentiate equ�tion (1.)) we get 
2 .QE • -8II ._l � £!". 

dt T) mL T' 

so ,that the difference in gr:wJty (to the first 

order) is given h)' 

dg • -2gdT/T • -2g(T2-T1)/T1 ( 1. IJ.) 

Thus if we can measure the periods at two 

stations to about 1k sec, the gravity difference 

is accurate to 1mgal. This is not difficult with 

the precise clocks (quartz crystal, caesium, etc.) 

now available. 

The peni:lo.lun: has bf-fn usfd e>etensivC'ly for 

geodetic 1�ork in dc:terwining relative g over the 

eart� surface, both on land and at sea. The three 
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pendalu� �PP���t�s of vening meinesz was designed 

Sp£cifically for sub�arine operation. Portable 

pendalums "'ere used in oil exploration during 

the e11rly 19Jr1s. The usunl arr,,ngement rn1�1loyed 

twC' instruments and co111r,·'"'red the periods 11t a 

base and n mov<.>.tle st.:ition . In this CA!1e the 
relation for dg is more complicated than equRtion 

(1.ld, sinc e the constants of th1: two fle'ldaluir.s 
are not ne:cess<>rily equ31. Tl:e oscilht;tons 

were recorded on light-sensitive p�ner and the 

records correl2tecl by radio tjme siennlP. 
Sensitivity \/Us S'lict to h!' ahollt '1.?5m:i;Pl. 

Pendulum apµRratus is coMplex and bulky. 

1'\.o penciulu1•1s, swinging in opposite phase to 

reduce sway of the mounting, are re·1uired at each 

sh1 tion. These are enclosed in an evacuated, ther-

mostatically controlled chamber to 1>llminate 

pressure and temperature effects. 'fo e;et the 

required accuracy in T1 and ·r2 it is necessary 

to record for about half en hour. 

(b) Gravity raeter-st3ble type 

The development and application of 3ravimeters 

for field me•uureme!'lts of gz dates from the 
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early 1930s. They may properly be considered 

in the order of their development, the earl y 

modes being of stable type, ':'hese have been 

superseded entirely by th� more sensitive unstable 

meters and so are of historic interest only. 

However, the principles involved are similar to 

those in modern instruments. 

All gravi meters are essentially extremely 

sensitive :i1echanical balances in which a r�ass 

is supported by a spring. �or:iall changes in 

gravity move the weight :;g;.,innt the restoring 

force of the spring. 't'he stnble t:1pe of instrument, 
which has a linear ciencndence on gr>1vi ty over a 

large ran3e, re�uires a considerable am�lification 

of the �inute cta:i.1ws in length of the spring. 

This amplification may be mechanical, optical or 

electrical, or a co�bination of these. 

The basic elem�nts of a stable gravi�ctcr 
are shown in fig. 1.1. Since the displ;iccrncnt 

of the spring is smell, �·ooke's law cpplics , 1,e, 

the force is proportional to the change in length, 

hence 
f' • 1'4ag .. Y�s or g"' Kt:>s/r1 • • • • • • (1.5) 

where k is the spring constant in g N/M • 

. : \ 
"' / ' ' I 
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In orther to measure �g to 0.1mgal or 

better, we must detect a fractional changes in 

spring length of 1/107 (since g/g = s/s), 

hence the need for some form of magnification. 

Mechanically we can make k/m small by using a 

large mass and a weak spring, but obviously 

this enhancement of sensitivity is quite limited. 

The period of oscillation of this system is 

T = 2rr V(M/K) 
Combine (1.5) and (1.6) we get . 

2 2 g = 4II A s/T • . . • • . . • . . •  

( 1. 6) 

( 1. 7) 

Thus the period is very large for good 

sensitivity and a measurement of g requires 

considerable time. 

L_..__ '% -7"///r 
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Fig. 1.1 Basic principle of the stable gravimeter. 

Sever:i.l versions of the s:Ghle gravimeter 

were developed between 1932 and 1938, employing 
ingenious means of m•gnlficntion. 

(c) Gulf gravimeter 

This instrument me•sured the ratation of a 

spring, wound froLi a fl.1t rl bbon, r;;t:l1€r th'ln t ts 
elongation. For this flat spiral the rotation is 
in fact, greater than tne rel<'t:ive elon:;<>tion. 
The essential parts are stoo�!T' sci·���" tic,.lly ir: 
fig. 1.2a. '!'he mirror underneath the mass ( 1')0g) 
on the end of the s;iri ng, in c0n.111rction with a 

fixed mirror or �et of �irrcrs, the better partially 

silvered to permit multiole reflections, pre>rluces 
optical amplification of the orii;iml si�all rota

tion an,csle. The sensi ti v.t ty was ,,-.id tc• be bett('r 
than 0.1mgal. This lnstn1roe.1t was used 0xteno1vely 
in the U.S.A for petroleu. explorot1on. The we13'1t 

was about 11�Ib, later reduc€d to 25Ib. 
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Fig. 1.2 Typical stable gravimeters (a) Gulf 

gravimeter, (b) Boliden gravimeter. 

(d) Boliden gravimeter 

Developed in Sweeden in 1938, this instrument 

employed an electronic detector and electrical 

balancing device.Fig. 1.2b is a schematic view. 

The mass is in the form of a b�bbin suspended by 

bowed springs; the flat end discs are concentric 

with a pair of fixed discs to form two electrical 

capacitances. The upper plates form the capacitor 

in a tuned oscillator circuit so that small changes 
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in capacitances vary the freryuency of oscillation. 

The lower pair 8re connected to a d.c. sunoly 
produces an electrost'ltic balance. Me:isurement 

of g is :ichievcd by ad.1ustment of the d.c. 
voltage to restore the plates to u fixed reference 

or n:.ill position. the :;P.nsi tl vl ty w:i.� -ib'.>ut 
•1.1mg.-11. 

Some further develo1)mP.nt on tt1 ill t.y•)'= of '1eter 
has since been car•·i;>(I 011t, i.r1 .,., effo"t �o make 
it into airborne 1 ni;truraent which wonld rre>1sure 

vertical eredirrt or d�/rt7.. ThP pArts were all 
extremely small, the end discs bein17. capacitance 

vMriations to an accur<icy of 1/10e, this ele�trical 

apprcach seems promising. 

(e) ?xtran.,u:> eff< cts on "'.r>..vii•t ters 

Apart from the difficulties of achievlng 

good sensitivity in measuring dg, the instruments 

are extremt-ly sEnsitive to other p:1ysical effects, 

such as changes in prc,ssure, tel!!pernture a.id 
small rongnetic and sPis:rlc v�::-iatio11s. 

The effect of tP.mperature cha�ges on the 

older instruments, �hich were generally mede with 
rather bulky metal parts, was enormous about 

,,ti,, 
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1 lmgal/0
c. To matntain the temperarure constant 

within '). '11
°

c, tbt working parts of tne meter 

are mouuted in a well-insul:-:.tec thermostatically 

controlled inner Lox, surrounded by one or more 
outer cont<1lners. Altho ugu this regulation of 

temoer<Jture is equivalent to only l).1mgal, it 

is sufficient, since sudden fluctuation.'3 of 

temperature coulcl not occur in the se>;;led lnner 

chamber. 1'he thermal control re::iui res 1 1-20 
watts of power, general�.y supplied by u stor3c>e 
battery. W1 th these additions the e:i_uipment 

becomes relatively he:wy end bu!tky. F'urtherrnol'e, 

the tempera �ure reoR11lator must be in oper<" ti on 

for some hours to reach equilibrium. 

(f) Grnvimeter::;-unstable types 

Also kno ... n as labilized or <•stc:tized >rravi

meters, these instrumeuts hovP un additional 
negative restoring force, opera�J.ng in the "<!111t

seni>e as gravity against the re::;'.::ori 11;; spring. 

They are essentially in a state of 11nst3ble 

equilibrium and thus i1ave greater scnsi tivl t}' 

than the stable meters. 'rhe :-ringc ove<\vhich 
the readings vary linearly with depth is le>ss 

t han for stable ,gravimeters, so they are usually 

operated as null instruments. 
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(g) Thyssen gravimeter 

Althoul_!;h now obsolete, this instrument 

illustrates the instability effect particularl1 

well and is �1orth discussing for thts re::?S'l"l. 

It is illust!'ated in fig. 1.J. 

ThP addition of the mess m above the pivot 
raises the cen tre of g!'cvl.ty ;ind nrod:.ices 

tre instability condit.10:1. If g 1ncret">ses, the 
be<im t 11 ts to thE rir,ht and t!"'e !l'OlllE>:it of m 

al•out the pi 11ot en'".:.ncc;s tl�r rot�tion; thP con
verse is true for z dEcr�?se in �ravity. 

'l'he inc1·nse in ::r"l�;tivlty Cil'l he Rhown by 
�dking moment ·,hon+. t11-� �1 vat !o!' the position 
shown in fig. 1. 1 '1nd when tre benm is ho!'.:.�ontal 

(in the L�tter c�se t0Ass "' has nc effect). 

'i'hen we have r•i(g +<I�'.) t cos Q + t-1( 'i +Aft) h sin o 

= k(g +J:,g) t cos Q, �".ld tn�l =lrnt. 

l)ividine; the first expression through by cos 1;., 

subtracting the second .froill t�;e result, substit11-

ging g 

g 

• ks/m and tan Q Ss/l, 
• .!£(1-fmhs)(lH:.'2 ) .Li 8 m 1 + mhlls /ml 

11e obtain 

� (1 - � m 
h s) "E r J::.S . . . . . . . < 1.B> 



........-

1 l� 

Since the term in the bracket is less than 

unity, the inherent sensitivity of this arrange

ment is greater than the stable condition of 

equation (1.5). 

� 
fl I •�.(.' 

Fig. 1.3 Thyseen gravimeter. · 

The Thyseen meter employed two parallel 

beams with the end weights reversed. It was 

rather big and heavy (beam length 20cm) and 

had a sensitivity o! 0.2$mgal. 
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(h) LaCoste-Romberg gravimeter 

This type of meter, which has been manufactured 

.under-various names (Askania, Frost, Magnolia, 

North American), is a modified vertical seismograph 

of long period, originally designed by LJ.B. 
LaCoste about 1934. 

In connection with this seismograph LaCoste 

introduced the zero-length spring, 

Fig. 1.4 

Ch..c� 

...l 
-�' 

Fl:11h.1r 

I �.\ bbb1H ii fihbi H�: 

- -.:... 

Construction of the zero-length spring. 
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which has been incorporated in almost all gravi

meters since that time. The arrangement for 

winding this spring is shown in fig. 1.4. 

The wire is fed through a hole in a flat respect' 

to the mandrel on which the spring is wound. 

Thus a pre-tension, proportional to g and the 

wire tension, is put into the spring during 

the winding. When it is removed from the mandrel 

the spring shrinks to a minimum length. 

A zero-length spring is defined as one in 

which the tension is proportional to the actual 

length of the spring, that is if all external 

forces were removed the spring would collapse to 

zero length. Of course, this is physically 

impossible because of the thickness and weight of 

the wire. The advantage of the zero-length position 

spring is that if it supports the beam and mass M 
� f_.ig. 1.5 in the horizontal position, it will 

support them in any position • 

. , 
. 

Fl-g-:--1-:-5 LaCoste-Romberg gravimeter. 
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To derive the 

of the 
expression for the sensitivity LaCoste-Romberg gravimeter., we write k(s-z} for ti1e tension in the spring when its length is S; thus, Z is a smell correction for 

the fact that the spring is not truly zero
length. Taklna moments about the pivot in 
fig. 1.5, we get 

Mga cos Q • k(s-z) b sin<>< 

• k(s-z) b (y cos Q)/S, 
using the sine law. 

Thu s g • (,ls) (12) ( 1 - �) y. 
m a s 

When g increases by �g, the spri ng length 

increases by �s where 

g ·(�) (12.)(�) (Y) 6 s . • • . . •  (1.9) 
m a s s 

For a given change A&• As is i ncreased when one 

or more of the factors on the right-hand side is 

decreased; moreover, the closer the spring is to 

the zero-length spring, the smaller z is and the 

larger s becomes. 

In operation this is used as a null instru

ment, a second s?ring being used which can be 

adjusted to restore the beam to the tiorizontal 

po sition . The 8enslti-vitY is about 0.01mgal. 
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F.arly models o! this meter were quite bulky 
and sensitive to te1�p era ture changes since t he 
working parts were �etal,like the stable types, 
the m�ter re1uired an elaborate temperature 
regulating system and the moving parts had to be 
clamped for transportation. 

1 .) Scope of the project 

The scope of this project is to design a 
conveniently shHped, light weight, robust and 

durable electronic gravimeter fro�. major components 

such as lrm voltage electron gun and an electron 

detection system. 

The electronic 8ravimeter is intended to be 

light weight beca use of the believe that a !ield 

be so designed beside being accu-

equipment must 

rate, and precise enough to be accepted. 
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tile 
Newton's law of grov1 i:ntion stat.es that force cf attt·&cLion between any two given ru&::.ses r1 t:tnu rn is inve1-sely proportional to the sq1.:are of their distance, r apart. Applied to 

the eflrth of nea� r' end any other object of mass 
l'l on i tn surface thi �: 1 :iw can he expressed as 

F ., Gi'lm 
� r· ( ;>. 1) 

where G • gravitational constant. 

By Newton's second law of motion, the 

earth thus attracts the object with an accele-

ration 

g ·E 
m 

• GM 
·2 r-

• •  • •• • •  • • •  (2.2) 

For dis tancea close to the eart h' s surface, 

this acceleration i s assumed constant !or most 

practical purposes even tt1ough we are aware that 

it varies with elevation. 

2• 2 Motion of electron in gravity ne]J! 

An electron o! mass m projected in the 

earth's gravitY field at • certain •ngl• O vith 
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a cert"1in 1n1.ti;;il Vl"10�l ty, u. The equation ot motion in 1.i1e Vtrtlcal L:--ct)('>". can be written as 

V • U Si� Q - qt 
., "" ut �i.n q - l.r;t2 • • • • . • •  .,(:>. 3) 2 2 :;> v "" .1 s:n Q - 21Jh 

-.·'1ert-

•.i ., in1tlAl V€1ocity of the electron 
v ., fl n-al velccl ty cf the elect:-on in the 

verLical direclio�. 
h .. heigl">t- c0ver!'d 1'y th· �kctron 

t time of flight. 

For a vertical motion Q • 90°, 
v 

h 
? v-

.. u - gt 
"' ut - bgt2 • • • • • • •• • • • •  (?.l�) 

2 
.. u - 2eh 

At mexi�um height v s o. Equation (2.4) beco•e 

u • gt 
h 

2 
• ut - 'gt •• • • • • • • • • • • • •  ( 2. 5) 

2 u - ;:>gh. 

Using u2 • 2g�1 

b • u2 
2g 

he come 

• • • • • • • • • • • • (2.'5) 

.. 
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A graph o!' hei 3ht a;111 nst initial velocity of projection can �e plotted as shown in page 17. 

The force acting on the electron can be 
wri ttcn as 

F • �� • . • . . . . . • . . . . .  (2.7) 

2.3 :.ccelet"'tion o! electron by an electric field 

I!' an electron o! !:!ass, m and charge, e is 
::.ave<! t:...-c�gh a po�er.i:::<il ci:":e-rence, v. 
f Pre• elec �:-on 5�:i sis e::: -:c l'lectron detection 
syste11'' in vnich t.'te electric field is f. 

'!Ce !'o:-ce on t.'le e-lectron can be written 

as 

y e - • . • • • • . . • • •  (2.81 

3:Jt ' . . • • • • • . . . . • . • •  (2.9) 
:; 

where .c distance �tween tbe electron g.m 

sys� a:i.c e�tron de"t...ectio:i S)'St�. 

F • � ············'?.1�j 
'lJ 

oook ltJ"a vi ta tional and 

2. 
vert1callY upward is 

t-0 g and depending 

it will reach 

OD tr. init 
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a maximum hi:i1t,l,t Ii. Also, an electron accelerated through an electric fiel d di rected upward will be accelerated until its velocity values rea ches a value, u, depending on the applied potential V. 
It thus appears that with this arrangement, the two forc('s acting on the electron will oppose 

each other. 

C0mp&rins e1uatio� (?.11) and (2.7) 

mg -= eV 
h 

g a eV 
iiill • • • • • • • • . . . • . •  (2.11) 

Thus a graph of height reached by an electron 

against applied acceleration voltage can be plo�ted 

as shown on page 2fl¥_ · 

i.e 

Alternatively, 

u2 • 2gh 

considering equation (2.S) 

The kinetic energy of the electron, T is given by 

T • •1 8U2 • •gh. 
'-

T mgh • • • • • • • • • • • • • • • • • • • •  (2.12) 

Also workdone, W in moving an electron through & 

poten"t.ial difference of V is given as 

W "' eV, • • • • • • • • • • • •  (2.13) 

Comparing (2.12) and (2.1J) 

• • • • • • • • • • • • (2.14). 
g eV 

iiii 
-
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CH.\l"J'"'P, T=!r{FE 

THE' ni•r,1,,N 

3.1 Introduction 

gravinieter cr·n61st of tl.ret: 
The electronic 

blocks namely elP.ctron nun system 
through a proces3 

�.icl'l en.i ti; t:nt 

known es t�Pr�inllic 
electron deflection syste1 �·nict 

control tr.e move:i:ent of elPct::--on and the ele:::t..,.on 

electrons 

eLiission, the 

de tecti on sys�e� wtich detects tne elec::.-o::is. 

All ti1ese blocks are enclosed in a gl:?ss eD\'EloJ: 

in wr .ich the 3ir is evacuated. 

3.2 Fl�ctron gun syste� 

Fl�ctron e�ission fro� a teated �etal � 

disc) is very similar to the evaporation of ll:i.u:ias 

from its surface. ;;hen a liquid .is beated. an 

increasing number of �olr·cules acquire suffici.:l!m 

energy to overcome the re!!tr!!iri to!! forces of 't:!:le 

liquid surface and are evaporated. Tbe nUllbe:' d 

molecules evaoora"t:ed :ncreases rapidly as the tl!Sl

pera ture is raised. 51011arlY• when a met:.111::: 

body is heated, a progressivelY larger ::iUSJber d 

electrons overcome the restraining su.r!ace bB.r'Tier 

and are ejedted from the 111et8l surface. 
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�'ti� ���!" \� r � 1x <..·.t...""(:�!'_ t' T 

un1 t: •��a � i "I\ .� H t �  •urf.i.;:(" i E  :-t"�· 

to t� et:�•·l\!� 1.' �ts�·�•'t'lt"f' ·;: (CA\ c �  t.:. 

eai t ter anJ a -4�.lu u ty t-. t i s  a 

the W'('>t"\< U:'". t"l«'C tt"O:l � � � :-!�:"'& 'lit.e=. 

C' .  

the e: i  t:.et" � J :- '  .. ..: e ,  ,,.._�-.:.>: .... .:i ... �� t..:. •::i �: ::• ....... 

de:- .. 11e;i by � . · • ' t. .:�>:ird3::- � .  

��i s .,, i e> n  c·.ir·0'1 t .  1 • .\ .. 'l <->:r. • • • • . •  { 3. 0  

(:t"C7'C'rt? ..,e ,.. s r.: ... ':"'"' ( '(":'l':i"··�-- r '  

·.:ie'"e e .. " . 7"1 9 )  ( �sse ::- r  �!l · :r 'N! i  ·�·.: �) ,.,..�. ;r. 

i s  ;\ const�nt · .. �! ,..� �ss 3 \.�1 .. h" . ...... _, � :i �.:� t  ... ... 

for .._,ure "'!:t::ll�, !'\!<"., :is tu'.l 

b.Jt vori.es -<l�ElY fr:- ct'1er tV''1t" tl,·al �a.itt:f'rs. 

Also 1 ° c  .. � . 2 1 °; . 

3 . 3  El ectron dPflectiC'n �ys.'tt 

The electron de!lPction s� :.o. t: m  \ •\  't."':• .-:-ltt

tronic gravimeter is circul�r ( �l �...._\ � t  ti�� 

wire ( nicnrome. lilolybdenu�. ii'\'ll• l\h''"' cl" 

tantalu•) . The �lectron dc-t'lt-otlNI •'a l •  1• 

nearer to the electron Jtlln ll) �,\II' � h+il\ lh• 

electron rJe tect.ior\ >iy at.ea . \'t.1" � h·,)� '"'" lletcC\"i\>n 

eyat .. :11 i1As a contr'<'l1 1n,1!; 1• ft•• ,1\  \II\ Uh! ,�1;n"t':it 

in +he electron cletf'cttoo J V ,, 1 4tl, ,  
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Rt 8 

I f  the elec tron Oe f'hc ti on systea. is hig'i r,r .-,:: L L c vc.: tn.! .. , no l l• ctrcin r. 111 l)ll ss 
svster.: . 

througn 
1'111> 1•l1 c tron 

cll ctros t11tic 

1 t to tile e l e(.;trun d(;te ctic,n 
dt- fl r c- 1 011  s ys . i::r. ntutr� lize� tht 

he: ncp , the a ·ctraction o1 
f i e ld '\Od 

net.eci:.1on svsi em . 
t1:e el�ctron 

I f  the nc:�<' 1.i ve f'lHS vo1 bge o f  the olectr.:rn 
l'.efll'ct.ion S '/ S tem i s  r•. c\•JC''!O thP " l f.clron deilection 
sysi:.em l s  no i.onli;e" C<'TJ<'blP of l"IFUtnl i zl'l<>; 
the fie ld between thP f'ler:cr011 <'.el· 1,1; i..io11 sys Leu1 

:;ome electrons will 
detection svscem and 

and the c: Lcc t.ron gurr s;1s•.Pm. 

be a tt.r:• ct.:' d r,y t: .. el• ctr•�n 

will be reo:-r•le·l ., : ·: ·;rrm1�. 

' '' " - ' " '\ "' ·:' 1 S r0versEd ,  thUS I �  +he,' n q t-+q-" ,. - 1 . t 

· f? _ ec ron e lection :;ystein positive . 
1�aking the 1 t d f . 

The eh ctr-0:1 deflec':i o n  .;y3teu µo': enti ul no·JI aids 

"thr elcc':ron detection s•rster.1 vo lt:1 5e and pr.:iduces 

a ver'' stronr, eJ ect.N$ t.;it1 c fi • l o "t tl oe e l .;ct.ron i::un 

syst� resulti ng in ::il large c urrent i n  ele ctron 

<letPction syr.tcm . T f'  t'1 e eic c trom ol' rl e ctior• �y�tem 

. · nt wi 11 bE' reached 

is made s:1fficientlY po s i t i v e e P0 1 

\fhen the el' �trons 

con be emi ttcd fror· 

rire nttrac ted as f<Jst as ti· 1eY 

ttlf' f·li:ctron gun i;ysten1 , the 



electron de tection 'Ys i 

1ts saturati on v a 1 11 ,,.  

i D  either electron 1k r 1 .._. � l ! f,;I 

oe�ction syate� vol t�� 

1n electron detec tlo11 "' '' ' '· "::, '" '' , . , 

I f  the electron � 

soae o! the electron� 

a.re attracted to th 

systea and cause a n  " l < r,1. r •; "  !l• 

current to now. Und .. r • "'•"• 

is dissipated in the " l ••1.. l.r1,fl 

circuit . :'o avo i d  tbi 11 •,<1w• 

also lar-ge sa wr:i tion c•Jl"'r"n'• If';�':' .. , .. 

can d a::.a ge tne elec t rr,n1 c �r,,vittetf' !" ,  o: 

electronic �via.ett:r 1t>Ji1t be o;;ei-.. -;� a": 

negative elec':rc.n de nt:ction isysteti v?l-:.u:e. 

3-4. neet� 

The e 

tromc: 

wire (ni 

n �vctt.on syetefl o! a.a el.C

U ci fcvl.81" (1.n d11cl o! r� ne 

(llJfll r gr3!Jrll tl' r tt>'ltsl\J\ll • 

monel ,  or i""�A», , t tt1•t liAI 

J e;'.1·1cl tY st11 '" 

nlill� �h•rg•" 

A 

cbaage 
a'ttra 

,,�;11<1' , oJ•li l <' \,I 

. - . t d fl''' .. tlir' 

·f l -ii o •111n • m l t <' 

' 
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elec tron gun system are negative charges. 

These are attracted 'oy the electron detect1.on 

syste111 only 1'hen it is at high positive voltage 
and 101o1 negative electron deflection system 

voltage. The attracted electrons will be 

recorded as current on a meter. 

The elr ctron detection system can be in 

the fora; of a fluore scent screen in which when 

the electrons are detected the screen fluores

cence and the l.ntensi ty is recorded on a meter. 



3 . S  f.jn61 design 

6Lttf£:0N 
bEH6CflON 
SY5TCl1 

Tl.fCtcON GUN SYSf61'? 

)0 

o Q\ I 

J '  I� 
/ 

L --{" \-----"' 

-

Fi g .  3 . 1 Block diagram of eiectronic gravimeter. 

, 
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CilA P'fl'H I Ull11 

SUMMARY I nI SCU!l!il.OH'I 

4 . 1  Summary 

Electronic gravimeter coMI st 1,! �,.-: •.� 

these are: 
1 .  The electron gun system wbi c..b .- �'.t ,_,..,, 

electrons through a proce:s 1r,.<,i:J ��t 

emission, 
v::: � ' :;;:i:;:::.:- J 

2 .  The electron deflection syst.e 

3 .  

the movemEnt of electrons , �c� 

...-:-� :...:.. :..:: �.�! 
The electron detection syste: 

the electrons t11at are emit�=.:: :::; == ::..:-==· 

gun system .  

All the blocks are enclosed in 3 g:s� =� s 

cylindrical shape in which the air is e,1lc.;:i:t..-'<i� 

'-�· 2 m,scussio� 

Electronic gravimeter measure potentials in 

the electron gun system, lelectron deflection system 

and electron detection system at different stations. 

rrom these potentials the acceleration due to gravity 

at different station can be calculated using 

equation (2 .  ) , i . e  

g • eV 
Uih 



.)£ 

Hence the difference in acceleration due to fP"3Vity 

between base sta tion and any o ther st�tion ca �  

be computed base o n  the following cond i tions: 

1 .  I f  the potential and current in the elec tro:. 

detection system are fixed, the potential 

in the elec tron deflection syste� is fi xed 

and the di stunc� between the electron � m 

system and the electron detec<:i on system is 

fixed, but the potential in th e  electron g-.m 

system i s  variable. Then the acceleration 

due to gravi t y  at the reference point A i s  

V 1 . . . . . . . . . . (4 . 1 )  
1?.1 ,. e 

iiih 
at a given detector current I. 

potential o! the electron gun systeo 

at the referenc e  point A. V1 • 

At any other point B the potenti81 in the 

electron gun system can be varied until the 

current I is reached, such that 

V2 . . . . . . . . . . . . (4  . 2) 
g2 

at a 

From 

e 
an 

given detector current I .  

equation (4.2) and ( 4 . 1 ) 

g2 - g1 e (V2-v1) 
8h 

,J:. S  • e j;. V 
;n 

. . . . . . . . . . . . . . 

where b S • s2-S1 • A V  • 

(h . 3) 

V -V1 ?. 
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2 .  I r tbe Potentt "l '"" •u�,,, ln th• "'"''°' 
are fi xed. the t>otential in the electron 
gun system i s fixed ,  the distance betwP.P.n the electron gun system and the electron detec tion system is fixed, but the potential in the e le<:t:ron denection system is variable. :"nen the acceleration due to gravi ty et the reterence not nt ;. is 

51 • e v .....,... 1 mn 
. . . . . . . . . . .  (4.4) 

at a �iven det" c�or curre'lt I. 
v1 • po�enti a l in the 

systea at point A . 

electron deflection 

At any other point :a the potential on the 
electron deflection systel!I can be varied 

until detector current I is reached, such 
that 

!2 in 
V2 (4.5) 

at a given detector r::urrent I .  

Prom e '.jUa tion ('1.4) and ( '.1..1)) 

�-g., 

p g  • 

• e 
ijJi 

e ,!::. 'I 
iii 

( V,-V1 ) 

• • • • • • • • • • • • • •  (4.6) 

at a ,p.ven detector current r ,  

../J v v?-1/1 

---..r .. 
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3.  It the P<>tenua1 •no 'urr•nt in "'• '''"''" 
detec t ion syst e� nre fixed, the potentials 
in the electron gun system and electron 
defl ecti on sys tem are fixed , but the distance 
between Plectron gun systell'I and the electron detec t i on :-iys te;;i i s  vari:Jble (either the elccjl.ron gun flYstcm J!" electron detection system movable or bob are movable) .  
Then th€' acc elera tion due to r,rnvH .y at 
the referenc:e po int /\ i s  
g1 - !!Y 

Ill 
l 
li . · · · · · · · · ·  (4 .  7) 

at a given detector current r •  
h1 

v 

distfln::e bet-.·een the electron gun 
system and elect!"on detection system . 

"' Constllnt potential of electron detection 

syste11 or electron deflection system or 

electron gun system. 

At any other 

the electron gun 

point u the distance between 

system and the electron 

until the detect..or 

detection system can be 

uch that 

t I , 5 reached, s 
curTen • 

( ' .B) 
• eV I • • • · • • · •  

g2 - �  
• • • • • • • • ij 

m n.., 
,_ t I 

t r curren • 

detec o 
at a given 

From equation ( 4 . t) and u�.8) 
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g2-i1 .. !Y_ , r  - I , Ill \t;  n ; 2 1 p g  - � (! - T 
• • • • • • . • (!, , 9) 

- ) Ill h2 h1 

a t  a given detector current I .  
h. If the dP.tector current is constant, the :oo tf! n ti ;1 l i; i n  the electron ,cr..in S)'stem and the Plectr"n rtefl ect10�1 syste:-i arr. fixed , 

the d1 s ta nee betv•ee:'l the electro:i g'..ln system 
and elec tron detectio!l sys •.e1u is fixed, 

but the ;otential in the Electron detection 
system i s  variable. Then the accelerntion 
due to �rav i ty a-i; the reference uoint A 15 

g1 • e V 
iiiE 1 (4.1J) 

at a given detector current I .  

V 1 "' po ten ti :;, l  i!1 the dectron gun system 

at point A.  

At any other point B t11e ?otential i n  the 

elec tron uetection system can be varied until 

the detector current I is reached, such that 

g2 • e V2 • • •  • • • • • • • • • • • • (4. ·11 ) 

iiili 
current I 

a t  a 

V2 

gi ven d etector 

• potential in the 

system at point a. 

electron detection 
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Froo e'l1..1 1 t t on ( 1-t . 1') ) anct h. 11 � 
( ·1�-V1 ) 

�z-ll., • e 

.J> g 

a t  a 

j). v 

it;fj 

• e � t.iii v • . . • . . . . . . ( 11 . 1 2) g i ven detector cu;·:-cnt I .  • V?-V 1 

The first two methods can easily destroy the electronic P,r'lvimeter because of the sa tura tlon 
effect and no·..,er di ssioation. In the third method 
1 t 1 �  d1 ffic!..!l t b devise a sui bible method o! 
moving either the> elec tro:i gu11 syH �eru or electron 

detection system ·)r both in tne electronic gravi-

meter. Trt.> fc·J r t n  r.et'iod ls the .. 10!'� e�siest 

method of. me.:.surinp, the di ffprences in potential 

between stR.t:'.. ons becnuse the saturation effect and 

power dis sipation sre roiniraised. 

4 . 3  Conclusion 

The elect1·011i c  grovim£ ter inea sur e s  the poten-

tials at dlfr ' t , � - . 
ercn !:!ta "ions a .  :.i ;i111c11 curren t :  

!rom these poten":.ial s the difference i n  acce l erat ion 

due to grav.i ty between one station s. nd onY other 

station can be oa1calot••· ThO " " '" of  th• " " '" 

tion in th• accelerati on '"' to •"'' " " """" 

o f  the local varia ti on 10 th• de>''' " " ' "''" "'' "  

th 

Th o bservations should 

e surface of tile ea rth · 
e 

f the earth ' s surface 

be •ade wi t!1 iri a few 111e tre5 0 

n� airborne test -



--.t 

37 

Beck , A .  F .  ( 1 981 )  · l'n sica1 ?rinct'lles or 
Ex >lo ro ti on ' othco,, L,,,,,, Tho ·<>o.• i u., 

Press Ltd. 
Brophy, ,J . J . ( 1 9?7) . 3rd e d .  1okyo : Book Conioany·. 

Basic Elec tl'oni.c:i for Scientist, 
r'.cGraw-'1i 11 I ntern.1tiona1 Calvert, J .M . , and �i . A . H . i·'ocCavsia nct ( 1985) . Flectronj cs ,  'Jew Yor-k :  .John Willey. 'lnd Sons .  Dobri n ,  �1 . 11 . ( 1 976 ) . ]j1tr·oduction to Geoohysical ProspPcting, 3rd e d .  Tokyo : rk-:r.:iv1-111 11 Inte�n,ti n nel qook �ompany. 

land · · D ( 1 971 ) . Int"'oduction to Cccohvs ics. 

Gar , · ·  · · 
Te>ron to :  ';.' . 13 .  '3a1mcters C:O'l!Jnnv. 

Nelson, t· . <1'1d J . r.• . Op:born ( 1 9Q2) . Adv�ncP.d Level Pra c t ical --hys i cs ,  ka ed. !..cnc:m: lleincm,'.?nn Edl lcational b-:oks Ltd. 
Serway, P . � .  ( 1 99?) . P'·vsics for Engineers,  London :-::-o ..i nder s 

Company . 
Scientist and 
:''nl10,"e ?ubHshing 

Telford, '11."1. et a l .  ( 198')) . Applied Geophysics, 
Carnbri dge: Carnb,·.i. J3e U;1i··re.·si ty Press. 


