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PRIMARY INFORMATION

INTRODUCTION

DESIGN

T he LaCoste and Romberg gravity meter is made of metal parts.
It is far more rugged than meters made of fused quartz glass.
Because the thermal expansion and contraction of metals are gen-
erally greater than quartz, the L and R meters must be accurately
thermostated. Since metals creep when thermally expanded or
contracted, it isbest to maintainthe L and R metersat their constant
thermostated temperature whenever practical.

The Modd G meters have a worldwide range without resetting.
The Model D meters normally have arange of 200 milligalsand a
reset that allows them to operate any place on earth.
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PrIMARY INFORMATION MobeL G&D METER

The design of the meter alows it to be very sensitive to small
changes in gravity. The simplified diagram of the meter shows a
mass at one end of ahorizontal beam. At the other end of the beam
areapair of fine wires and springs that act as a frictionless hinge
for the beam. One purpose of the hinge springsisto help eliminate
damage to the meter from al but the most severe impact.

Thebeamis supported from apoint just behind the massby a“ zero
length” spring. The spring is a an angle of approximately 45
degrees from horizontal. The meter is read by nulling the mass
position, that is, adding or subtracting a small amount of force to
the mass to restore it to the same “reading” position. This is
accomplished by lifting up on the top end of the zero length spring.
This must be done with great accuracy and is accomplished with a
series of levers. In turn, the levers are moved by a high-precision
screw which in turn is rotated by a gear box with considerable
reduction.
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The lever system and screw are accurately calibrated over their
entire range. Calibration factors depend only on the quality of the
lever system and measuring screw, not upon a weak auxiliary
nulling spring as are used in other meters. For this reason the
calibration factors of the L and R meters do not change perceptibly
with time. This eliminates any need for frequent checks of the
calibration.

The moving elements of the meter are restricted from movement
of more than a few thousands of an inch (less than a tenth of a
millimeter). Thus, if the meter sustains a severeimpact it would be
difficult for the movable parts to attain enough momentum to
damage themselves. For further security and to minimizeirregular
instrumental drift, the beam can be clamped when not in use.

When the beam is clamped, it is pushed down against the bottom
movement limitersor “ stops’. Thiswould elongate the main spring
and induce creep in the springs metal. To eliminate this creep, the
beam also is pushed backwards upon clamping. Thus the length of
the main spring in the clamped position is exactly the same length
asit iswhen unclamped and at the reading line.

Few ferrous metal parts are used in the meter. The meter is
demagnetized or compensated, then installed in a double p-metal
shielding to isolate it from magnetic fields.

Changes in air pressure could cause a small apparent change in
gravity because of the buoyancy of the mass and beam. This is
prevented by sealing the interior of the meter from the outside air.
As an additional precaution, should the seals fail, there is a
buoyancy compensator on the beam.

When the meters are new, their average drift is less than one
milligal per month. With afew years of aging, their average drift
isusually lessthan half amilligal per month. Thissmall driftistrue
drift, not alarge drift compensated to asmall value by aclock and
Mi Croprocessor.
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BASIC OPERATING INSTRUCTIONS

STARTING

Before unpacking the meter and its accessories, inspect the
shipping carton for signs of damage during transit. Promptly
report any damage to the transporting company.

The meter is shipped cold. At al other times the meter should be
maintained at its thermostated temperature. The charger/elimina-
tor is a charger for the meter batteries and a regulated 12-volt
power supply for the meter when it is not on battery power. It can
operate from 50 or 60 Hertz power without any adjustment. Also,
it can operate from 115 or 230 volts AC power. There is a small
slideswitchinthecharger for selecting thevoltage. AFTER setting
the voltage switch, the charger should be connected to the AC
power source. A power indicator lamp on the charger face should
now be on. There are more details about the charger in the sections
on accessories and meter details.

Now connect the meter to the charger at thefitting onthe charger’s
face. The small red light by this fitting should now come on
indicating 12-volt DC power isflowing to the meter. Thislight will
remain on until the meter reaches its thermostated temperature.
(When used in the field, the gravity meter is connected directly to
acharged battery.) From about two to five hours will be required
to reach operating temperature, depending upon how cold the
meter is. Then, the power will cycle on and off as needed to
maintain the constant temperature.

When the meter is at operating temperature, a series of tests may
be performed to be certain the meter is in good condition. Each
meter has its own operating temperature. It is recorded in the
manual or on the meters’ calibration table.
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TAKING THE FIRST READING

-

[Cross Level Adjust-

Nulling Dial —

Place the meter on the aluminum base plate.

Turn on the reading light and the spirit level lights. The switch
is located on the near right side of the black lid. Do not leave
the light turned on for a prolonged time, especially in hot
weather, if accurate readings are desired. If the meter is
equipped with electronic levels, the lights may not be

necessary.
Level Reset — Long Level Microscope
@ Eyepiece

——— Level Reset

H = i CrossLevel

‘ e Long Level
________________ Gl Adjustment

_________________  Reating &

Level Light

_/ Switch
(R ,a g%ne?eDAgﬁﬁs ~ —Counter “—Arrestment Knob

Gently slide the meter in the concave base plate until the meter
levels indicate the meter is approximately level. Finish the
leveling with the three leveling screws of the meter. For
efficiency, you may wish to level the crossleve first then the
long level. On the meter in the standard white box, there are
three knobs atop the meter that turn the leveling screws. On
some early metersin the miniature white box, these screwsand
their knurled turning flanges are under the white box.

Release the interna beam of the gravity meter by turning the
knurled arrestment knob counterclockwise to its limit. The
knob islocated on the near side of the microscope eyepiece.
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The position of the beam is determined by the image of the
crosshair in the microscope. The crosshair is a very fine wire
attached to the beam. A reticle or scaleis placed in the optical
path for a reading reference. The total motion of the beam is
14 small scale divisions. The downscale or left side of the
crosshair is used as the reading edge.

CROSSHAIR
(Reading Line = 2.3)

5]

a 5
T

1 2 3
g

SCALE

Each meter hasits characteristic reading line. Thereisasmall
placard on the meter lid indicating the reading line for the
meter. In the example above, the reading lineis 2.3.

Bring theleft side of the crosshair to the reading line by turning
the nulling did. If the crosshair needs to move to the right,
turn clockwise. If it needs to move to the left, turn
counterclockwise.

Always approach the reading line from the same direction. For
uniformity, we suggest approaching from I eft to right, (turning
clockwise). If coming from the right side (counterclockwise),
turn the dial about a quarter turn past the null and approach
clockwise. The play or dack in the gears and universal joint
would cause an error if the null is not approached alwaysfrom
the same direction.

The number of turns of the nulling did is limited by the
counter. The counter islocated under awindow in the middie
of the black lid and just to the right of the nulling dial. The
maximum reading of the model G is 7000, onthemode D itis
2000 and on the extended range model D it is 3000. If thereis
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alarge difference between the gravity at your location and the
location where the meter was last read, it will require many
turns of the nulling did to balance the meter’ s beam. Because
of the limited range of the model D, it may be necessary to
re-range the meter.

Mode G: If the meter was last read at a much different
latitude, a rough estimate of the counter reading necessary to
null aModel G may be obtained from thistable:

Approx. Approx.

Latitude Gravity Reading
o ....... 978.046. . . . . .. 1430
10....... 978203. . ... .. 1600
2....... 978652. . ... .. 2050
30....... 979337 . . ... .. 2750
40 . .... .. 980.178. . . .. .. 3600
5....... 981.078. . ... .. 4530
60....... 981.930. . ... .. 5400
70....... 982.623. . ... .. 6100
80....... 983.073. . ... .. 6560
N....... 983.223. . ..... 6700

Modd D: To rerange a Model D meter, set the counter to
mid-range, 1000.0, and range the meter until it is roughly
balanced. This is done by turning the coarse or re-ranging
screw |ocated beneath asmall cover plate near the center of the
black lid (see diagram pg. 1-7). Each turn of the ranging screw
isabout 74 milligas. If the crosshair is on the left side of the
scale, turn clockwise. If it is on the right side, turn counter-
clockwise. If the meter is tapped with the finger, the crosshair
will bounce at the end of its range of travel. The closer the
meter is to balance, the slower the crosshair will return to the
end of travel. When the meter isin approximate bal ance, close
the cover plate and finish balancing with the nulling dial. For
more details on re-ranging the Model D, see the Field Proce-
dures section ( pg. 3-8).
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«  Obtain the reading from the counter and nulling dial. The last
digit on the counter should correspond with the number on the
nulling dial. Thisnumber isconsidered tenths of units. Thedia
isfurther divided so that hundredths of units can be read.

« Itisgood practice to double check the levels, the reading and
the field notes after each reading.

e Clamp the meter by turning the arrestment knob clockwise to
the end of travel (about 3 full turns).

After the meter has been shipped or received a hard impact, it is
good practice to check the setting of the levels and sensitivity. See
the paragraphs in this section for more details.
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CONVERTING THE
COUNTER READING TO MILLIGALS

Let us illustrate conversion of meter readings to milliGals with
some examples.

MODEL G

If the counter reading is 2654.32, look at the calibration table for
your meter. Remember that each meter hasits own unique table.

Portion of calibration table

Counter Reading Interval Factor Cumulative Vaue
2500 . ....... 1.0079%4 . . ... ... 2519.42
2600 . ....... 1.00799 . . ... ... 2620.21—
2700 ... ..... 1.00805 . ... .. .. 2721.01
2800 . ....... 100811 . ....... 2821.82
Divide the reading into two parts.
- 2600.00%620.21
+94.32. +54.75 —
2654.32 2674.96

Interval factor x reading within interval

1.00799 x 54.32 = 54.75
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MODEL G SURVEY
OVER SMALL CHANGE IN GRAVITY

If al the readings are within an interval, you may use a single
cdlibration factor, the interval factor.

Reading x Interval Factor = milligals
2654.32 x 1.00799 = 2675.53

MODEL D WITH
SINGLE CALIBRATION FACTOR

Many model D meters have a calibration curve that is adequately
straight so that asingle calibration factor can be used for the meter.
The calculation is amost like the example above except for an
important difference: oneturn of the D meter’ snulling dial isequal
to about 0.1 milligal (100 microgals) instead of 1 milligal (1000
microgals) on the G meter’s nulling dial. Thus, the decimal must
be moved one placeto theleft in the reading or one placeto theleft
in the calibration factor. If the meter counter reading is 0943.21
and the calibration factor is 0.10123, then the converted reading is
0943.21 x 0.101234 = 95.485 . The same setting could be read
094.321 and the calibration factor 1.01234. The converted reading
would then be 094.321 x 1.01234 = 95.485.

1-10 3-2001 INSTRUCTION MANUAL



MobeL G&D METER PrIMARY INFORMATION

MODEL D WITH
CALIBRATED WORLDWIDE RANGE

The standard Model D meter has two micrometer screwsand lever
systems for balancing the force of gravity. The“coarse” side hasa
worldwide range of at least 7,000 milligals. Normally this is not
calibrated and is only used to place the meter into the operating
range of the “fine side”. The "coarse" side (re-range) micrometer
screw is normally turned by placing a small screwdriver through
the re-range access port in the middle of the black lid (see diagram

pg. 1-5).

If the coarse side is calibrated, a gearbox, counter and nulling dial
are mounted above the "coarse” micrometer screw. There are 100
turns of the coarse nulling dial for each turn of the micrometer
screw. Each turn of the screw isabout 70 milligals. Thus, each turn
of the of the nulling dial is about 0.7 milligals.

During surveysover agravity span of lessthan therange of thefine
screw, the coarse side would be locked and unused. The meter
would be used in the same manner as the regular Model D meter.
Be sureto use the fine side calibration table.

Where the range of the gravity observations is greater than the
range of the of the fine side screw, the fine side can belocked and
the meter used in the same way as a Model G geodetic meter. Be
sure to use the coarse side calibration table.

A better method of reading the meter over alarge range of gravity
isto turn the coarse screw integral numbers of turnsand complete
the balancing of gravity with the fine side. If there is periodic or
circular error on the coarse side, full turns of the screw should
minimize this possible source of error. Because of the design of the
Model D meter, periodic error of the fine side should be insignifi-
cant.
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Here is an example of calculating the gravity difference between
two sets of readings.

Coarse Side Fine Side
First Reading . . . .. 456500 . .. ... 1234.56
Second Reading . . . . 4865.00 . . . . .. 1567.89

- From the coarse side calibration table:

From thefine side calibration table: |

First Reading
Coarse Side  3351.446 + 65.00 x 0.74682 = 3399.989
Fine Side 84.633 + 34.56 x 0.07021 = 87.059
3487.048
Counter Counter
Reading Factor Reading Factor

4500 ... 3351.446...-0.74682 1200.... 84.633::= 0.070210
4600 ... 3426.128.... 0.74691 1300.... 91.654....... 0.070175
4700 ... 3500.819.... 0.74699 1400.... 98.672....... 0.070134
4800 ... 3575.518:5.-0.74706  1500.. 105.685:;: 0.070120

Second Reading

Coarse Side 3575.518 + 65.00 x 0.74706/= 3624.077
Fine Side 105.685 + 67.89 x 0.07012 = 110.445
3734.522

Gravity is 247.474 milligals greater at the second reading than at
thefirst. 3734.522 - 3487.048 = 247.474 milliGals
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RELATIVE INSTRUMENT

Remember that the meter is a relative gravity meter. A single
reading does not determine gravity. The meter only measures the
difference in gravity between two observation locations or over a
time interval a one site. If the converted reading is 2789.12
milligals at Station A and 2889.12 milligals at Station B, then
gravity at Station B is 100.00 milligals greater than Station A. If
gravity at Station A is 980,234.56 milligals, then you have deter-
mined gravity at Station B to be 980,234.56 plus 100.00 milligals
or 980,334.56 milligals.
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CHECKING LEVELS AND
SENSITIVITY

Whenever the meter has been shipped or has received a sharp
blow or has been in the hands of aperson not experienced with the
meter (such asacustomsinspector), it isgood practiceto becertain
thelevelsand sensitivity setting arein proper adjustment. All good
operators should know how to perform these checks and adjust-
ments. They should not be delegated to a technician. The techni-
cianisnot in the field when you bump or drop the meter. They are
easy to learn and fundamental to a good understanding of the
meter.

CHECKING THE TRANSVERSE LEVEL

Thetransverselevel isaso called thecrosslevel. Itisat 90 degrees
fromthedirection of the meter’ sbeam. With most meters, the spirit
level is on the right side of the meter’s lid. The galvanometer for
most electronic cross levelsis on the left side of the meter’slid.

The purpose of this level is to position the gravity meter, in the
transverse plane, so the meter measures maximum gravity. If the
meter is tipped to one side or the other (away from or toward the
operator) it will not measure the full force of gravity.

If the cross level setting is correct, the gravity should decrease if
the meter is tipped away from or toward the observer. That is
indicated by the crosshair (and galvo on CPI meters) moving to the
right when the meter is tipped off level.
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If the meter is nulled to the reading line when the meter is out of
level, the gravity reading will be less and less the more the meter
is out of level. Be sure the other level, the long or longitudinal
level, isin the level position each time the meter is read.

If the meter does not indicate amaximum gravity reading when the
crosslevel iscentered, the crosslevel isout of adjustment. Tilt the
meter until the maximum reading is obtained. Remember to always
keep the long level centered.

Now while being careful not to move the meter, use the level
adjusting tool to center thelevel bubble. Thereisasmall coverplate
on the black lid. It is located on the far side of the cross level
window. With a very small screw driver or the blade of a knife,
loosen the screw that secures the coverplate. Rotate the coverplate
and expose the access hole. The hexagonal level adjusting tool will
fit through this hole and into the head of theleve’ s small adjusting
screw.

Repeat the testing of the cross level to be certain your adjustment
was done accurately. If it was, you should obtain a maximum
gravity reading when the cross bubble isin the center.

If the cross level is far out of adjustment, the meter's beam or
spring may drag along the side or the other. Tilt meter considerably
to one side and the other to determine at what angle the beam
becomes free. If the beam moves but is unstable and can not be
nulled to the reading line, check the meter's sensitivity (next
section).
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Some older meters do not have level sthat can be adjusted through
asmall port in the black lid. These older meters must have their
black lidsremoved to reach the level adjustments. Seethe METER
DETAILS section for more information. A special aluminum tube
isrequired to hold the eyepiece while adjusting these older levels
with the black lid removed.

CHECKING THE SENSITIVITY

The longitudinal or long level is parallel to the meter’s beam. Itis
used to set the mechanical sengitivity of the meter.

Raising the right side of the meter makesthe beam less sensitiveto
a given change in gravity or spring tension. As the sensitivity
becomes greater, the period of the beam becomes longer. If the
period becomestoo long, it isno longer practical to read the meter
by the nulling method. Still more lowering of the meter’ sright side
causes the beam to have an infinite period, and still more lowering
of the right side and the beam becomes unstable with the beam
accelerating as it moves toward the upper or lower limit of its
movement.

The beam is limited in movement by “stops’. They are factory
adjusted to limit the beam movement to 14 small optical lines. The
reading lineisusually closeto the center of the range of movement.
L and R placesasmall label on the black lid indicating the reading
line when the meter was last tested at L and R. When the beam is
clamped, it is pushed down onto the bottom stop. Because of the
optical system, the bottom appears toward the left side of the
optical scale and the top toward the right.

To check the sensitivity:
» Level the meter.
« Turn onthereading lamp.

*  Observethe position of the beam. It will be closeto the bottom
stop.
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Unclamp the beam.
Turn the nulling dial to locate the lower and upper stops.

Position the crosshair about one small optical division above
the bottom stop. Be sure to approach from the left (clockwise
turn of the nulling dial).

Turn the nulling dial approximately one milligal clockwise.
Thiswould be one full revolution for the Modd G and ten fulll
revolutions for the standard Model D.

Observe the number of small optica divisions the crosshair
movesin the eyepiece.

If the beam moves approximately 9 to 11 small optical divi-
sions, then along level adjustment is not necessary. (9 to 10
optical divisionsif the electrostatic nulling systemis used)

If the sensitivity is out of the above range, the long level and
sensitivity should be adjusted in small increments, usually about a
fourth or ahalf of abubble division.

If the sensitivity istoo low (less than 9 small optical divisions),
lower the right side of the meter asmall amount so thelevel bubble
moves away from the eyepiece stalk. Recheck the sengitivity of the
meter. If the sensitivity is now within the acceptable range, reset
thelong level asfollows:

Be careful not to move the meter.

Open the small level adjusting access hole at the left end of the
long level.

I nsert the hexagonal adjusting tool through the access holeinto
the level adjusting screw.

Gently turn until the level bubble is centered.
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If the sensitivity is too high (greater than 11 small optical divi-
sions), raise the right side of the meter a small amount so the long
level bubble moves toward the eyepiece stalk (to the right). Re-
check the sengitivity. If the sensitivity isnow within the acceptable
range, reset thelong level with the level adjusting tool as described
above.

During all of the above adjustments, be surethe crosslevel remains
with its bubble in the center.
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CHECKING THE READING LINE

» Level the meter.
e Turn onthereading lamp.
« Unclamp the meter.

« Usethenulling dia to adjust the crosshair to the reading line
as specified on the meter. If the reading line is not known,
choose the optical line midway between the beam stops.

« Keeping the crosslevel in the level position, tilt the long level
onedivision in one direction and record the eyepiece reading.

« Tilt the long level one division to the other side of the level
positions and record the eyepiece reading.

« If thecrosshair moves upscal e approximately the same amount
for each tilt, then the chosen reading line is correct.

e If the crosshair moves downscale when the meter is lowered
onitsright, the assumed reading lineis too low.

« If the crosshair moves upscale appreciably more when the
meter is lowered on the right (the long level bubble is one
division farther away from the eyepiece stalk) than when the
meter israised onitsright side, the assumed reading lineistoo
high.

« If the correct reading line was not chosen in the above test,
relevel the meter, reposition the crosshair with the nulling dial
to anew trial reading line and repeat the above procedures.

The reading line should be checked whenever the long level has
been adjusted.
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STANDARD ACCESSORIES

BATTERIES

Two 12-volt gel-type rechargeable lead-acid batteries are pro-
vided with each new meter. They have acapacity of 6.5 amp-hours.
An electrical connector is securely mounted on the battery. Since
1984, a 2-pin Cannon KPT02A-8-2S connector has been used.
Prior to 1984, a 3-pin Bendix JTO6A-8-3S fitting was used. To
prolong the life of the batteries, it is important not to deep dis-
charge the batteries and always to recharge them as soon as possi-
ble after use.

The batteries are fully charged when shipped but should be re-
charged before using. Recharge only with the LaCoste and
Romberg charger. Other chargers may reduce battery life.

Though the acid electrolyteisstabilized in gelatin, the batteries can
discharge damaging acid if they become hot and are not upright.
Left on their side in a hot vehicle is a likely way to damage the
battery and surrounding property!

Do not ship batteries inside the meter carrying case. There is
considerable energy and value in close proximity if an accident
should occur.

Batteries should be stored in the fully charged state. Preferred
storage temperatureis 20° C (70° F) or below. The batteries should
be recharged every two or three months while in storage. If the
temperatureisabove 20° C more frequent recharging isrequired to
prolong the life of the batteries. Storage at temperatures above 40°
C (100° F) should be avoided.

A charging period of 12 to 20 hoursis usually sufficient to bring a
fully discharged battery to a full charge. A fully charged battery
should provide enough energy to maintain the meter for a long
field day in al but the coldest weather.
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Eventually batteriesgradually lose their capacity to fully recharge.
When operating time after afull chargeisno longer satisfactory, it
istime to replace the battery.

CHARGER/BATTERY ELIMINATOR

The charger/eliminator serves two purposes: to charge the batteries
and to provide aregulated 12-volt DC power for the meter when it
isnot in thefield.

The charger/eliminator is powered by 115 or 230 volts + 10% at
47 to 420 Hertz: AC power only!

FIRST set the input voltage switch to 115 or 230 volts. Chargers
shipped before 1989 have the switch on the face of the charger.
From 1989 onward, the switch is located inside the charger. AF-
TER setting the switch, connect the power source. The charger
may be damaged if the switch is set to 115 volts and the charger
connected to 230 volts power.

A charger that operates from 12-volt DC power is available as an
option. It can aso operate from 115 or 230 volts AC power.

ALUMINUM CARRYING CASE

The carrying case is made of anodized aluminum and is divided
into two padded compartments. On the left is the meter
compartment and on the right the battery compartment. The case
should be dried as soon as possible if it becomes damp. This will
minimize corrosion to the gravity meter’ sleveling legs. Good field
practice dictates periodic cleaning of the pads and removal of
debris accumulated beneath the bottom pads.

Spare fuses and reading lamps are stored in a small box taped to
the inside of the carrying case lid. Remove the cushion to expose
the fuse and lamp box.

The most common malfunction of the case is a failure of the
latches. If prolonged field work in aremote location is anticipated,
aspare pair of latchesis advisable.
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The caseis modified for use with metersthat are equipped with the
analog electrostatic nulling option. The meter side of the case is

about 15mm (Yg-inch) wider.

ALUMINUM BASEPLATE

A standard aluminum base plateis supplied with each meter. It has
three legs about 50mm (2 inches) long and a bullseye bubble at its
center. Thelow temperature functional limit of the bubbleis-54°C
(-65°F) and the bubbles can tolerate -62°C (-80°F).

Thereare several optional baseplatesavailablefor special purposes
(see options).

CABLES

Each new meter is provided with a power extension cable for use
with a 12-volt power source other than the standard batteries or
eliminator. The cable attaches to the end of the standard meter
power cable and has two color coded battery lugs at the other end.
Red is positive and black is negative.

Meters with the CPI option are equipped with arecording cable. It
is a short two-conductor cable with a miniature phone plug at the
meter end and lugs at the recorder end.

ALLEN ADJUSTING TOOL

For adjusting thelevels, an Allen driver is provided with each new
instrument. It has a screw driver handle and a hexagonal shaft and
tip. Thetool is stored in the carrying case. The tool comesin two
lengths: a short one for meters that only have spirit bubble levels
and along one for meters with electronic levels.

SPARE FUSES

Spare ATO-3 fuses are stored in a small box taped to the inside of
the carrying caselid. Removethe pad from theinside of thelid and
the box is apparent.
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SPARE LAMPS

Meters that have incandesant reading lamps have spare lamps
storedinasmall box taped to theinside of the carring caselid. New
meters have LED reading lamps and no spares are necessary

MANUAL

Each meter is provided with amanual. L and Risendeavoring to
improve the manual and have it trandated into several different
languages. Suggestions for improvement or adding additional in-
formation would be appreciated.

CALIBRATION TABLE

Each meter has its own unique calibration table. Some Model D
meters have asingle calibration factor. If thetableislost, L and R
maintains the original, together with the raw data from which the
table was generated.

SPECIAL METER SHIPPING CONTAINER

The shipping container in which the instrument is shipped from L
and R is a reusable container. It is important to retain it in good
condition for use when the meter is next shipped.
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SERVICE

T here are three basic types of service:
* Repair aspecific part
« Genera tegting, cleaning and adjusting

« Longterm servicing

Repairing a specific part is usualy charged on atime and material
basis. There is afixed rate for some of the more common repairs.

General testing, cleaning and adjusting isafixed price. It includes:
» Tedting the meter

« Opening

« Cleaning the beam stops

« Adjusting the hysteresis compensator

« Making other internal adjustments

* A 16 hour check of the meter seals

«  Fushing meter with dry inert gas

o Sealing meter

» Retesting to verify adjustments were made properly
« Fieldtesting

» Cursory check of calibration (17 milligal range)

Thetime required for the above is usually one to two weeks.

Long term servicing includes all of the above plus:
* Replacing al seals

« Removing the micrometer screw (two for Model D), cleaning,
ingpecting and relubricating
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« Removing the gear box, cleaning, replacing any questionable
micro-bearings or gears and relubricating.

The time required for long term servicing is usually two to three
weeks. Thereisafixed price for the work. Any significant updates
are an additional charge. Long term servicing should be performed
every EIGHT TO TEN YEARS. Seals will start failing after that
many years due to hardening. The lubrication on the micrometer
screw ages and should be cleaned and replaced, regardliess of the
amount of use.

L and Risproud to service and maintain itsinstruments, regardless
of their age. AlImost every Model G and Model D meter is still in
service, G-1 looks and works like a new meter.

Our service policy isto charge areasonable price for service and
to perform it promptly.
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WARNING!

DO NOT OPEN THE SENSOR. It is sealed with dry
inert gas. There is nothing in the sensor that can be re-

paired outside the L and R laboratory. Only SEVERE
AND COSTLY damage can result from opening the sen-
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WARRANTY

AII LaCoste and Romberg gravity meters are guaranteed for a
period of 1 year after delivery. At the Purchaser’s request, La-
Coste and Romberg will make all necessary adjustments, repairs
and parts replacements. All parts will become the property of
LaCoste and Romberg on an exchange basis. This guarantee will
not apply if such adjustments, repair or parts replacement are
required because of accident, neglect, misuse, operation on im-
proper power, transportation or causes other than ordinary use. All
necessary adjustments, repair or parts replacement will be made at
no charge to the Purchaser provided that the Purchaser pays all
transportation cost to and from the LaCoste & Romberg LLC.
laboratory in Austin, Texas. The period of the guarantee is
extended by the length of time that the gravity meter isin transit
and in the laboratory for repairs. The guarantee is void if the
internal sensing element is opened by an unauthorized person.

Theforegoing guaranteeisinlieu of all other guarantees expressed
or implied, and al obligations or liabilities on the part of LaCoste
& Romberg LLC. for damages, including but not limited to conse-
quential damages arising out of or in connection with the use or
performance of the meter.
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OPTIONS

CAPACITANCE BEAM
POSITION INDICATOR (CPI)

T his option is sometime referred to as “electronic readout”. It is
the most popular and useful of the meter options. It consists of a
capacitance bridge sensing the position of the meter’s beam and
reporting thisto agalvanometer or liquid crystal display (LCD) on
the meter lid.

ADVANTAGES

» Operator fatigue is reduced since the microscope need only be
used when checking or adjusting the CPI.

» The gavanometer can be set to have greater sensitivity than
the optical system, allowing more accurate reading.

» An dectric outlet is provided for the signa that drives the
galvanometer. A recorder can be driven by this signa to
demonstrate earth tides and long period seismic waves.

* Anexternal R-C filter and voltage indicator (galvo or digital
multimeter) can be used to read the meter when ground
vibration is troublesome.

This option is required for various options such as analog and
digital electrostatic nulling and variable damping.

The only noticeabl e difference between meters with CPI and those
without CPI is the addition of the galvo or LCD on the top of the
meter and the miniature phone jack outlet on the side of the meter.
For more information see the Meter Details section of this manual.
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ELECTRONIC LEVEL
(PENDULUM TYPE)

Optional electronic levels are available for the gravity meter.
They are hard mounted directly to the sensing el ement inside the
white box. The existing bubble levels are not removed, but revert
to aback-up role. Each electronic level is a simple pendulum that
isair damped. The position of the pendulum is sensed by a capaci-
tance bridge with the two air dampers being the fixed capacitance
plates and the pendulum the moving plate. These levels first be-
came an option in 1979.

Fine Threaded Level
/ Adjusting Screw
L

Electrical Pass Thru
(Caution: Use Heat
Sink To Solder Wire)

Pendulum Hinge

e

Mount Hinge

Mount ——»|

Kcapacita nce Plates

and Air Dampers

CHARACTERISTICS

Principle: simple pendulum
Damping: air
Linearity: plus / minus 2% full scale
Natural Period: .26 second / cycle
Range: plus/ minus 10 arc minutes
Resolution: 1/, arc second
Readout: capacitive (displacement sensing) with a
galvanometer for visual display
Stability: 1 arc second / month
Temperature Effect: 1 arc second/ 1 degree C.
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ADVANTAGES

» Bubble levels must be carefully shaded on a warm or sunny
day to prevent variations in level reference of up to 1 arc
minute (approximately .04 milligal error).

» Thefast, perfectly damped motion of the levels speeds work
and reduces operator fatigue.

 Smaller level increments are more easily detected on a
galvanometer than with bubble level markings.

» Electronic beam and level readouts make it possible to
determine the reading line more accurately than can be done
with optics and spirit levels. When using the optics, the
reading line is usually determined only to the nearest
microscope division, thereby making it accurate only to about
a half microscope division. Furthermore the level bubble
divisions are not as uniform or as readable as the
microammeter divisions of the electronic levels. It is particu-
larly important to use an accurately determined reading line
when microgal accuracy is desired.
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ELECTRONIC LEVEL
(LIQUID TYPE)

2-4

Th@e levels are a compromise. They are much less expensive
than the pendulum type €electronic levels. However, they do not
have the very fast response and perfect damping of the pendulum
levels.

They consist of a bubble inside a curved glass tube. Thefluidisa
conductor and there are e ectrodes to sensethe changeinresistivity
as the bubble moves a ong the glass tube.

They are located below the insulation and just atop the meters
sensor. The standard spirit levels can be retained asaback-up. This
option was introduced in 1989.

—

Conducting Fluid
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VARIABLE DAMPING

T hevariable damper isan option for the gravity meter that allows
the operator to adjust damping to suit different needs. The gravity
meter is identical to the standard meter except for the variable
damping feature. Damping can be set at standard damping or at 25
times standard damping. With care, damping can be set at interme-
diate values.

This option was devel oped for reading gravity atop frozen lakes. It
is useful for observing gravity in areas of severe ground motion.
For areas of severe ground motion, the CPI option with an R-C
filter should be adequate.

Meters with this option can be recognized by alarge nylon plug on
the bottom of the meter and two white button switches on the
operator side of the black lid. The plug on the bottom side allows
access to the engaging device.

When full damping is engaged, the method of reading the meter is
dightly different. Thetwo white buttonscalled “ cheater switches’,
are used to eectrostatically push the beam to the reading line.
Accordingto thedirection and vel ocity the beam moves away from
the reading line, the nulling dial is turned to the next estimate of
the null reading. Thebeam is once more pushed back to thereading
line and the procedure is repeated. With a little practice, the
reading can be made almost as fast as normal readings with stand-
ard damping.
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EXTENDED RANGE MODEL D

| f ordered in advance of construction, the range of the Model D
meter may be 300 Milligals instead of the standard 200 milligals.
This does not cause a reduction in meter sensitivity. All compo-
nents are the same. The micrometer screw isallowed to travel over
a 50% greater length. Laboratory caibration must be done over
thisextended range and adetailed calibration tableisprovided over
this extended range

COARSE AND FINE SCREW
CALIBRATION OF MODEL D

2-6

The coarse or ranging micrometer screw of the Model D meter
may be equipped with a gearbox, counter and nulling dial. There
are several advantagesto doing this. Theresulting meter hasall the
advantages of both the Model D and Model G and more.

The meter makes an excellent high precision geodetic meter. If
there is a small amount of circular or periodic error in the coarse
world-wide range screw, this can be minimized by turning the
coarse screw exact integral revolutions. Fina balancing can then
be finished using the fine nulling screw, which by its design has
minimal circular error. The reading technique isillustrated in the
Primary Information section of this manual.

The coarse screw gearbox hasaratio of 100to 1. Thusitiseasy to
make integral numbers of turns of the screw.

An exiging Moddl D meter can be retrofitted with a gearbox,
counter and nulling dial on the coarse screw. The existing gearbox
on the fine screw isretained. It hasaratio of 32.5t0 1.

If the option is ordered before construction of the meter, a special
gearbox can be utilized that has a ratio of 100 to 1 on the coarse
screw and 50 to 1 on the fine screw. (The use of these special
meters is described in more detail in atechnical paper by Fett and
Halliday.)
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LED READING LAMPS

| f older meters are to be used in very hot climates, the wiring of
the instrument can be modified so specia LED lights can be
substituted for standard incandescent lamps. The LED’s generate
lessheat. All new meter since 1996 are equipped with LED reading
lightsand LED levd lights.

DIGITAL THERMOMETER

A low-power 3.5 digit red LED digital voltmeter is mounted on
the black lid. The Meter Temperature function uses a precision
centigrade temperature sensor. The temperature sensor is powered
from aregulated 5 Volt supply derived from the 12 Volt system
power. The temperature sensor is glued with epoxy cement inside
an auminum tube, which is then inserted in the standard ther-
mometer well on the side of the heater box. The output reads in
tenths of a degree. By turning a switch, the same voltmeter is used
for measuring battery voltage.

All land meters constructed since January 1997 have this as stand-
ard equipment. Older meters may be retrofitted.

DoOuBLE OVEN

T he meters may be mounted in a double oven housing for greater
precision in field observations or stationary recording. The inner
ovenisthe same asin the standard meter and isthermostated at the
same temperature. The outer oven is thermostated at approxi-
mately 38°C.

BASE PLATES (LEVELING DISKS)

There are severa types of base plates available. All are 10.5
inches (28 cm) in diameter and have aconcave upper surface. They
aremade of cast aluminum. All havethreelegs. Most havelegsthat
are 2.5 inches (6 cm) tall. The standard base plate has a bullseye
level bubble in the center.
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After using the meter for some time, few operators continue to
observe the base plate’'s level bubble. For that reason, L and R
offersthe base plate without the level or the level’smachined hole,
resulting in a cost savings.

Another variation of the base plate is available without the level,
but with a central hole threaded Yg-inch national coarse. This
alows the base plate to be mounted atop a standard surveyors
tripod. This is of great advantage for underground observation
work in the deep snow or vertical gradient observations.

Finally, there is a base plate with oak wood legs approximately 20
inches (50 cm)long. When using this baseplate, care should be
exercised to make proper corrections for the height of the meter
above the survey elevation marker.

BACKPACK

A backpack is available for carrying the meter and its battery in
the standard aluminum case.

HIGH SPEED CRANK

2-8

The purpose of this device is to expedite gravity readings be-
tween stations where large gravity changes are encountered. This
crank makes it possible to turn the dial about 10 times faster. It is
asmall cylindrical gear box with asmall crank handle at one end
and two pins at the other end. The pins are inserted into two holes
on the top of the nulling dial.

The high speed crank can save time during geodetic surveys with
the Model G meter when there are large differences in gravity
between readings. It can also be useful with the Model D meter
when there are moderate differences in gravity between
observations. Thisis particularly true for periodic repeat surveys.
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ALIOD 100 ELECTRONIC
FEEDBACK SYSTEM

Thisnewfeedback systemisnow available asan option with new
gravity meters and as an upgrade to your existing meters.* The
Aliod 100 incorporates a new user-friendly interface.

No longer isthere any need for a complicated lookup table as this
new system displaysthe gravity directly inmGal on an easy toread
LCD display. Meter temperature aswell as battery voltage are al'so
displayed on the same easy to read LCD. The new Aliod 100
feedback system has arange of 100 mGal with aprecision of 0.01
mGal. The greater range of the Aliod 100 also means good datais
no longer dependent on the skill of the operator. Any one who can
level and unclamp the gravity meter isableto obtain consistant and
accurate gravity data.

The Aliod 100 includes an integrated Data Acquisition system
using two 24 bit convertersfor thelevelsand a 12 bit converter for
the meter temperature and battery voltage. The Aliod 100 also
outputs a stream of ASCII data, which can be read using any
terminal program on a PC with a RS232C port. The Aliod 100
includes our standard 1 year warranty.
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TRAINING

2-10

Training isprovided at the L and R facilities or in the field or at
your facility. Training at our facilitiesmay be on aone-to-onebasis
or may be an organized course. The average course istwo to three
daysin duration.

» Thefirst day consistsof microgravity field observations, learn-
ing to check the meter, cursory servicing and troubleshooting.

» Onthesecond day, thefield dataare entered into the computer,
familiarization with the software is acquired and there is ele-
mentary modeling and interpretation.

« If athird day is available, additional theory, interpretation,
case histories and special techniques are discussed.
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FIELD PROCEDURES

INTRODUCTION

T he following is a guide to help the operator avoid some of the
more common problems encountered in conducting a gravity
survey. However, the observant and thoughtful operator isalways
able to further improve his technique, regardless of the months or
years of experience he or she has accumulated. For shipping
precautions, please refer to that section of the manual.

PROMPT DATA REDUCTION

Prompt reduction of the gravity data allows the operator to know
how good or poor his technique is while he still can recal the
details of the field work. Thus he can associate a bump to the
carrying case or arough road withirregular and high drift rates. He
soon can learn what care in handling the meter must be provided
to attain results of agiven quality.

One of the fastest methods of Iearning the quality of thefield work
and the performance of the meter isto obtain the gravity tide at the
time of each base station reading and cal culate the tide-corrected
drift the meter has just undergone during the time since the pre-
vious base reading. The tide correction may be obtained in the
field from pre-calculated tables from GRAVPAC or computed on
ahand-held computer.
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METER VIBRATION

One of the larger sources of error in afield survey comes from
large and irregular meter drift. The main cause of the problemis
rough treatment of the meter. The more vibration and bumps, the
more irregular the drift. Certain vibration frequencies are worse
than others. Snowmobiles and helicopters may cause severe short-
term drift. The smoother the ride, the better the meter perform-
ance. For very accurate work, it may be necessary to carefully
hand carry the meter. If transported in avehicle, it may be neces-
sary to hand-hold the meter off the seat and minimize the vibration
that is transmitted from the vehicle to the instrument. The selec-
tion of afield vehiclewith softer suspensionisusually worthwhile.
A vibration isolation carrying case rack is used by some observers.

TEMPERATURE EXTREMES

| f the meter goes above or below its thermostated temperature,
there will be intolerable instrumental drift. Each instrument is
thermostated at a different temperature. Unless especialy de-
signed, the thermostated temperature will be between 47°C and
55°C. It is best to use a meter thermostated at the lower
temperatures when working in a cold climate, as it will conserve
battery power. It is best to use one thermostated at the higher
temperatureswhen working in ahot climate, asit will belesslikely
to go over temperature.

COoLD

When the meter is placed in much colder air, often it will make
several loud cracking sounds. This is due to contraction of the
fiberglass housing or other superficial parts. Be sure to check the
liquid levels after these noises occur.

3-2
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Spirit levels may change somewhat when the meter isin cold air.
They may require re-adjustment after the meter has been in the
cold. Electronic levels are within the insulation and are not
affected by changes in ambient air temperature, a distinct
advantage when working in cold weather. In severe cold weather,
electronic levels are required for accurate and efficient work.

Keep the baseplate cold when operating on ice or frozen ground.
A warm baseplate will thaw the ground and it will be impossible
to keep the meter level long enough for areading. If the plateis
warm, you may use aboard or chips of wood between the basepl ate
feet and the frozen ground. In snow you may wish to use aspecial
plate with long wooden legs (see options).

In severe cold, the standard battery will not last for a full day of
field work. Thisis duein part to the extra power consumed by the
meter to keep it at its thermostated temperature. The main limita-
tion isthe battery not releasing as much energy whenitiscold. Try
to keep the battery and spare battery warm so they will yield more
energy. With severe cold, some operators use the power extension
cable and alarger battery such as a sealed motorcycle battery.

Ni-Cad batteries are generally more expensive, have a shorter life
and are more troublesome to work with than are gelatin stabilized
lead-acid batteries. However, they are not affected as severely by
cold.

For high precision work in cold climates, a double oven meter
option isavailable.

HOT

There are severa methods for keeping the meter cool in hot
weather. Avoid allowing the sun to shine directly on the carrying
case. A towel or cloth with a short dlit cut in its middle can be
placed over the carrying case and allow the carrying handle to
come through the towel. In dry hot climates the towel can be
moistened. Evaporation will provide some cooling. Try to mini-
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mize or eliminate use of the reading lamp. It adds considerable
heat to the system. In severe heat, a block of frozen gelatin in a
well sealed plastic pouch can be carried on the battery side of the
carrying case. These are commercialy available. |f condensation
accumulates in the carrying case, it should be dried periodically.

It may be necessary to conduct field work at night and in the early
morning hours when air temperature is cooler and when radiation
from the sun can be avoided.

Leaving ameter in a parked vehicle with closed windows in a hot
climateisalikely way to drive the meter over temperature.

The LED reading lamp option will reduce the internal heat gener-
ated if the reading lamps must be used.

The semiproportional heater control option allows the minimal
amount of energy flow to the meter when the ambient temperature
is approaching the thermostated temperature. It isadistinct advan-
tage if the meter is tending to go above its thermostated tempera-
ture.

The CPI dectronics generate about 1% watts of heat and are
located against the side of the sensor. Half of that heat is generated
by a single component on the PC board. This component can be
mounted on long wiresand placed just below the black lid, keeping
the heat away from the sensor.

Each meter is normally thermostated at the temperature which
gives the smallest change in reading for a given small change in
internal temperature. Under prolonged severe hedt, if the above
field methods do not work, the thermostated temperature can be set
to a higher temperature. This will decrease the accuracy of the
meter as small changesin internal temperature from heater cycling
or use of the reading lamp will have greater effects on the meter.
However, for regiona gravity surveys these errors may be well
within the tolerance of the survey.

The procedure for changing the thermostat setting is given in the
Meter Details section of this manual.

34
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MICROSEISM

T he continental crust of the earth is an efficient wave guide for
seismic surfacewaves of certain wave lengths. When ocean waves
of longer period strike the coast and reflect seaward, the resulting
standing waves can massage the continental shelf and initiate these
crustal seismic waves. In North Americathey can travel half way
across the continent. Winter storms in the north pacific are the
major causes in western and central North America. After severe
storms in the distant North Pacific, gravity observations may be
difficult in western states and provinces.

Microseisms usually have a period of about 4 to 5 seconds and,
because of constructive and destructive interference, usually build
up then die away with about five to twelve cycles per packet of
waves.

/\ A AVAY /A

< One Minute q

To observe gravity during times of large amplitude microseisms,
the variable damping option can be used. If the meter hasthe CPI
option, another equally satisfactory solution isasimple R-C filter
and external galvanometer or digital multimeter. A third option is
to use electrostatic feedback nulling with or without additional
filtering. Since the time-constant of the feedback loop is set near
90 seconds, the system effectively averages high to medium
frequency seismic noise. This can average the oscillations of the
microseism.
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EARTHQUAKES

L ocal earthquakes seldom are a problem during gravity
observations. They occur and are gone before they are any incon-
venience. This may not be the case with volcanic tremors. In the
vicinity of a very active volcano, there may be frequent small
tremors. The observer may wait for quiescent periods to observe.
If available, the variable damped meter or meter with electrostatic
nulling may be of assistance.

Distant earthquakes can delay observationsfor severa hours. This
isparticularly truefor large earthquakes on the opposite side of the
earth. Their dispersive wavesform avery long wave train when at
agreat distance from the source. A great earthquake with severa
major aftershocks can hamper careful gravity observation for days;
three days following the 1975 China earthquake, for example.

Often observers have not identified the oscillation of a distant
earthquake as such. They often believe the oscillation of the meter
to be amalfunctioning of the meter. Thereisnothing inthe design
of the meter that could internally provide continuous oscillation.
Theelectrostatic nulling options are an exception. If in doubt about
the occurrence of an earthquake, you are welcome to tel ephone our
lab. Usually we have at least one meter recording.

3-6
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VEHICULAR AND
MACHINERY VIBRATION

T hough the frequencies may be different than those of mi-
croseisms, the solutionsto observing may bethe same; thevariable
damping , the R-C filter on the CPI option, electrostatic nulling
option. At higher frequencies and larger amplitudes, the R-C filter
may be a better solution and the electrostatic nulling option is the
best solution. When the heavy damping is engaged on meters with
variable damping, thereis about 25 times normal damping.

If there is some nonlinearity in the air damper and the vibration is
faster in one direction than the other, there may be some error due
to “pumping”’. Pumping is defined as the displacement of the
meter’s mass above or below a rest equilibrium position due to
vibration.

Lateral vibration haslittle or no effect on the meter. The reason for
thisinsensitivity is explained in the section Physics of the Sensor.

W IND

Wind movement of the meter is particularly troublesome. It
causes two effects that are difficult to separate. It tips the meter
out of plumb, this reducing the observed gravity. It also rocksthe
meter back and forth causing the beam to oscillate. If practical,
place the meter in alocation sheltered from thewind. If thisisnot
feasible, place the meter so the wind direction is normal (90°) to
the direction of the beam. Averaging the oscillations of the beam
or galvanometer will not give accurate results, as the meter is out
of level aportion of the time and at those times, is not observing
thefull force of gravity. Strong wind dictates shelter or curtailing
gravity observation. The gravity observer can take advantage of
these timesto reduce data or help the survey crew establish station
positions and elevations.

INSTRUCTION MANUAL 3-2001 37



FiELD ProcEDURES MobeL G&D METER

BASE SELECTION

| n selecting the location of a local basestation, a site near the
center of the survey is best. Lesstime iswasted returning to the
base and the meter undergoes less vibration traveling to and from
the base. It is possible to return to the base more frequently and
overal accuracy isimproved. If the survey areais large, several
local bases can be established. Thelocal bases aretied to the main
base or regional base severd times.

Try to select quiet locations for bases. Also, select locations that
will be easy to relocate years later in case the survey may be
extended or tied to other surveys in the region. Good field notes
describing bases are an indication of a professional observer.

A sheltered base is a great advantage for closing a loop of obser-
vations, if weather becomes severe during the survey.

RERANGING THE MODEL D

The standard Model D has a range of 205 to 250 milligals,
depending on the meter’ scalibration factor. Thisisenough towork
over elevation differences of about 1,200 meters (4,000 feet).

If asurvey areaismostly at ahigher elevation than abase, it might
be wise to re-range with the counter set about 1500.00. If the
survey areaismostly at alower elevation than the base, the meter
could be reranged with the counter set at about 0500.00.

Once a survey is under way, The meter should not be re-ranged
except at a station or base where gravity has already been meas-
ured.

3-8
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TRIPOD ON ASPHALTIC PAVEMENT

When observing on asphaltic pavement, the standard baseplate
will gradualy sink into the pavement. In all but the coldest
weather, this will prevent the meter from remaining level enough
for areading. If you cannot find a convenient location away from
the asphalt, distribute the load of the three legs by placing a board
or other flat rigid materia between the tripod and the asphalt.

TRIPOD IN FROZEN COUNTRY

| f the tripod is above freezing temperature, it will gradually sink
into the ice or frozen sail. Instrument leveling will be difficult or
impossible. If convenient, keep the tripod cold; outside the vehicle
and out of the sun. If thisisnot convenient, thetripod can be placed
atop a board or other rigid item with a low coefficient of thermal
conductivity. Even if the non-meta item is warm it will not melt
an appreciable amount of ice or sail.

RADIO TRANSMITTERS

When operating near powerful radio transmitters or when
two-way field radios are very close to the gravity meter, they can
cause the CPI electronics and/or the galvanometer to be affected.
Under thesefield conditions, revert to the use of the microscopeto
determine beam position. The optica system is not disturbed by a
strong EM field.
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POWER SUPPLY IN REMOTE AREAS

T he standard charger is designed to keep the gravity meter sup-
plied with power when there are failures of the AC power supply.
As long as there is a standard L&R battery connected to the
charging portion of the charger/eliminator, the meter will remain
on power. When AC power goes off, arelay in the charger/elimi-
nator dropsand connectsthe meter to the battery that was charging.
When AC power returns, the relay is energized and reconnects the
meter to the eliminator (regulated 12-volt supply) and reconnects
the battery to the charger.

If AC power isnot available, the L& R 12-volt charger can be used.
This optional charger can be powered by unregulated 12-volt DC
power or by AC power. At remote locations it can be attached to
the battery of avehicle and used to recharge standard L& R batter-
ies. It doesnot useagreat deal of power and should not excessively
draw down a vehicle battery overnight. Connecting to the vehicle
power via the cigarette lighter socket is not wise as most modern
vehicle signition switch disconnects the lighter.

Where there isno AC or DC power available, solar/electric cells
can be used to recharge the batteriesif there is enough sunlight. A
simple modification to the standard L&R charger will permit a
panel of solar cellsto energize the charger.

Leaving the standard lead-acid battery in a discharged state for a
prolonged period drastically reduces its capacity. The practice of
using several standard batteries in remote areas and waiting many
days before they can be recharged isworkable but costly.

3-10
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OBSERVING GRAVITY
BELOW GROUND

T here are many reasons for measuring gravity below the earth’s
surface. If gravity is measured in a mine drift and on the surface,
areas of greater density rock can be located and the optimum
location selected to stope the mine.

If the ceiling is not too high, the meter can be placed halfway
between the floor and ceiling. The significant local anomaly from
the missing mass of the minewill cancel itself at themid elevation.
A special baseplateisavailablefor thispurpose. It hasaflat surface
on the center of its bottom and has a standard threaded hole
(%s-inch N.C.) for mounting atop a surveyor’s tripod. The base-
plate still has the standard three feet and can be used as a normal

baseplate.

For more details there are severa technical papers with case
histories and more details. A recent paper is:

Casten U., and Gram, Chr., Recent developments in underground
gravity surveys, Geophysical Prospecting, Vol. 37, pp 73-90,
January 1989.
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VERTICAL
GRADIENT MEASUREMENTS

| f the ground surfaceisirregular, large errors are introduced into
vertical gradient observations. Where the ground surface is
smooth, vertical gravity gradients may be a useful technique for
investigating shallow targets. A meter of high precisionisrequired,
such asaModel G with the electrostatic nulling option or aModel
D. The meter must be in good repair, especially the hysterisis
compensator.

A special tripod can be used that has an upper and lower baseplate
with a constant separation between the two plates. This has the
advantage of not having to carefully measure the difference in
elevation between the upper and lower reading. If a special tripod
is not available, a standard baseplate can be used on the ground.
After finishing the ground reading, the plate can be left in place
whileasurveyorstripod ispositioned aboveit and the height above
the ground baseplate can then be carefully measured. A specia
tripod baseplate can then be affixed to the tripod and the upper
observation made.

MORE THAN ONE
METER ON A SURVEY

|f more than one meter is used on a survey, it is best not to
intersperse the work of two meters. The effects of any minor
irregularitiesin calibration can be minimized by assigning to each
meter its sector of survey area.

3-12
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PERIODIC GRAVITY SURVEYS

T here are many considerations in performing a competent peri-
odic gravity survey.

Monuments should be permanent. Their location should be
carefully selected to minimize probable disruption from future
cultural development.

The same meter or meters should be used to minimize or
eliminate the introduction of errorsfrom minor meter calibra-
tion errors.

If more than one meter isused, thereis continuity if ameter is
lost or sustains massive damage.

If asurvey isrepeated for several years, aModel G meter will
gradually drift to where a different portion of the micrometer
screw is being used. This might introduce small errors due to
the limited accuracy of the meter’s calibration. The Model D
can be reset. Thus using the Model D allows using the same
positions on the measuring screw for each repested survey.

Upon finishing one observation, the nulling dial and counter
should be preset to the approximate reading of the next station.
This minimizes mechanical hysterisis of the lever system.

The orientation of the meter should be in the same direction as
previous readings at that station. Thisis a precaution in case
the meter becomes sensitized to magnetic fields.

Select the time or times of year for the survey to have the most
favorable air temperature, winds and rain conditions.
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METER DETAILS

LEVELING SCREWS

T heleveling screws are made of stainlesssteel. Their threadsare
Y4-inch diameter with 48 threads per inch. The tips are ground to
asharp point to minimize the meter moving on the baseplate while
the meter isbeing leveled.

When the meter isat L and R for standard cleaning and adjusting,
the leg tips are resharpened if needed.

The threads of the legs turn in special metal inserts that are glued
into the bottom of the white box. To reduce the chance of the
stainless sted threads galling, the inserts are made of alead rich
sted. Thisalloy iscapable of corrosion. Alwaysdry the carrying
case and meter legs when they become damp. Never store the
meter in adamp case. A light lubricant on the threads will reduce
therisk of corrosion.

CAUTION, do not leave the legs extended too far below the base
of the white box. They will punch through the base pad of the
carrying case, bump the bottom of the carrying case and jar the
meter. Also, thereisagreater risk of damage to the threads.

NULLING DIAL POINTER

| f the instrument has received a hard blow, the meter may shift
inside the white box. Thiscan cause the nulling dial and arrestment
shaft to be off center as they pass through their holes in the black
lid. Thisis of little consequence other than appearance. However,
the dial pointer is fixed to the black lid and may now rub against
the dial. To correct this problem, the single hole in the pointer can
be filed oblong and the pointer replaced on the black lid a little
farther away from the dial.
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NULLING DIAL

The nulling dial isaflat aluminum disk with a hundred division
marks etched on it and a knurled knob to assist in turning the dial.
Except for early meters, the knob has two holes drilled in it to
accept the prongs of the high speed crank. The high speed crank is
mentioned in the Options section. It isconvenient when the nulling
dial must be turned through a great range of the meter.

2-56 SET SCREWS

TEFLON WASHER —— ==t
\ | Ne———RETAINER

SPRING WASHER ——» »  THRUST COLLAR
0-80 SET SCREWS

<+— COUNTER STALK

To remove the nulling dial, loosen the two set screws within the
knurled knob. Do not put excessive force on the nulling shaft. Hold
the screw driver with one hand and the knob with the other hand.
Below thedial arethree partsthat act asan adjustablefriction brake
for the dial. When replacing the dial, the farther down the dial is
pressed against the spring washer, the greater the friction when
rotating the dial. The ideal setting isto have just enough friction
that there is no backlash of thedial. When the dial isreinstalled on
the meter, be sure to phase the number on the dia with the last
number on the counter.
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EYEPIECE

The focus of the eyepiece (ocular) is adjustable. To move the
eyepiece up or down, first loosen the knurled ring below the top of
the eyepiece. Turning counterclockwise loosens. While looking
through the eyepiece, move it up or down until a good focus is
found. Then, retighten the knurled ring to hold the eyepiece in
position.

ARRESTMENT KNOB

T he arrestment knob is knurled and made of aluminum. Itisheld
on the shaft by two very small set screws. It is positioned very
closeto the arrestment stalk to minimize the chance of dirt entering
the top of the stalk.

If something is dropped on the top of the knab, the knob may be
driven down and drag on the stalk. To repair, use a¥s-inch Allen
tool to loosen the knab set screws, raise the knob about a tenth of
a millimeter (a few thousands of an inch) and retighten the set
screws.

If the meter is subjected to salt spray or is stored damp, enough
corrosion may develop between the knob and the stalk to cause
dragging. Repair in the same way as above.

If theknobisvery hard to turn and is not dragging on the stalk, the
problem is more serious. The bearings or seals in the stalk may
require servicingat L andR.
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THE BLACK LID

The black lid is made from ¥ phenolic board. The color was
selected to minimize reflected light which could hamper viewing
through the microscope. Each lid isindividually fitted to its white
box and meter. It is not weather resistant. Two changes are in
progress.

« The lids will be interchangeable starting approximately at
meter G-1000 and D-180. Thiswill make easier retrofitting the
meters with new electronics and LCD display.

¢ Thelid will be more weather resistant.

REMOVING BLACK LID

To remove the black lid, turn the three leveling knobs counter
clockwise and lift the level legs up and out of the meter box.
Remove the nulling dial and the three brake parts beneath it.
Remove the four lid screws, one located at each corner of the lid.
Now lift thelid upward. It may be stuck to the top of the white box.
Loosen with care.

WINDOWS IN LID

Some of the glues used in the past to fix the window into the
bottom side of the black lid were water soluble. When these meters
are used in moist conditions, the windows loosen. To repair,
removethe black lid, clean away the old glue and reglue. If “ Super
Glue” isused, only 3 or 4 drops are needed, as surface tension will
distribute the glue. Allow to dry completely before replacing the
black lid. If not vented, the fumeswill condense and make amilky
coating on the glass.

If replacementsarerequired and it isnot convenient to abtain them
from L and R, you may have them cut from thin glass. The easiest
source of this glassisamicroscope slide.
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SCHEMATIC FOR OLDER METERS

MR2535L READING LEVEL
l—ﬂi LAMP LAMPS
P . < APPLICABLE TO ALL
o Py MobEL G AND
h D METERS
MARK READING
CONNECTOR LIGHT #330 #327
SWITCH
T= THERMISTOR
10K AT 50°C
HEAT
CONTROL
10K * 3K MODULE
N
A
p c 2N1489
cC B
e
HEATER
(APPROX. 15Q)
BIMETALLIC
THERMOSTAT
RECORDER o TP_‘:'_<.F___"}
JACK
out OV I :: :
BEAM |+
ov TYPE N ﬂ:)‘P |
CAPACITANCE BP Lhoa |
POSITION INDICATOR —— i
CARD [ i
ouT DR 'T' >:>—+
[ -
BZ OV TZGN ov *BC *TC ov Hv OV
CAPACITANCE
1 READOUT
ZERO SENS OPTION
* CONNECT TC & BC

TO
OV IF NO SWITCHES

ELECTROSTATIC
PosiTIONING
SWITCHES

FOR

METER WITH
VARIABLE DAMPING
OPTION

INSTRUCTION MANUAL

3-2001

4-5



MobeL G&D METER

MEeTeR DETAILS

SCHEMATIC FOR NEW METERS
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THE FUSE

Starti ng approximately in 1980 with meters G553 and D46 the
meters have been equipped with a fused safety device which is
intended to help protect the electronic circuitry from reversed
polarity of the power leads and/or power input over-voltages of
greater than 22 volts. This is not to imply tolerance of reversed
polarity, or over-voltage greater than about 16 volts.

The fuse is located near the power input connector. The black
bakelite meter lid must be removed to replace the fuse. Use only a
3 amp ATO fuse for replacement. Spare fuses are provided with
new instruments with this protection. They are located in a small
box taped to theinside of thelid of the aluminum carrying case. Do
not bypass or use alarger rated fuses.

A blown fuse will shut down all electronic circuitry in the instru-
ment: heater circuit, electronic readout, and level and reading
lights.

If you are out of fuses they may be obtained from L and R or most
automotive parts stores.

Whenever older meters are returned for service, we encourage the
retro-fitting of the fuse, especidly if the meter has the CPI option.
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READING LIGHT SWITCH

T his switch is a standard single pole, single throw toggle switch.
It can be replaced with any miniature SPST toggle switch.

«  Disconnect the 12-volt power
» Removetheblack lid

« Remove the two screws on the side of the white box that hold
the switch bracket.

« Lift the switch and bracket up to expose the three wires.
» Resolder anew switch. The order of the wires isimportant.

« Connect the 12-volt power and determine the toggle position
for the reading light being off.

«  Disconnect the 12-volt power

« Install the new switch on the brass bracket so the toggle is
toward the operator when the switch is off.

» Replacethe black lid and reconnect the 12-volt power.

READING LIGHT

| n older meters that have not been converted, the reading light is
on the operator’ s side of the white meter box. It is behind around
aluminum cover plate. The plate is held in place by three screws.
The housing for the reading light is adjustable. It holds a N0.330
12-volt incandescent aircraft bulb. Spare bulbsare storedinasmall
container taped to the inside of the carrying case lid. The bulb can
be rotated so its filament is optimal for the optics and the bulb
holder can be moved to place the bulb in the best position for
brightness and sharpness of the image. Two screws securethe bulb
holder in place.

A high intensity red LED lamp became standard on al Model G
meters without CPI since approximately G-970. It is an option
available on al land meters and is of vaue in hot climates. It
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operates from alower voltage, requires achangein wiring and has
adifferent lamp holder.

MARK POWER FITTING

On the upper right side of the white box is the dectrical fitting
that passes 12-volt power into the meter. Therearetwo types. They
look almost identical. The early type was used from 1967 through
1984 on meters from about G154 through about G742 and D1
through D105. These fittings are characterized by their cable ori-
entation key being under the cable and by two power pins being
inline with the cable. These fittings and their cables are obsolete
and can not be obtained. Since changing the power fitting to the
new typeis more difficult than at first appearance, it isimperative
that these obsolete fittings and their obsolete cables be replaced
when the meter is at L and R for other servicing. Should the
obsolete cablefail infield use, the meter would haveto bereturned
to L and R or some primitive splice or solder connection made in
thefield.

POS POS

OLD STYLE NEW STYLE

/ CABLE FITTING

e

Z “\_ HALF-ROUND
veaL  RETENTION RING
RECEPTICAL

The new Mark power fitting can be recognized by the orientation
key being on the top and the power pins being 90° from the
direction of the cable. Also, thereisahalf-round groovejust inside
the socket that accepts ahalf-round protrusion on the molded cable
fitting at the meter end of the power cable. The new Mark fitting
solved a serious drawback of the older fitting. The new fitting has
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a half-round protrusion on the cable fitting and a matching half-
round groove in the metal receptacle. These hold the cablein place
and a good electrical contact is assured. Cables with the old type
Mark fitting sometimes were bumped loose when returning the
meter to the carrying case. The meter would go off power and
temperature, resulting in errors in the observations.

Very early Model G meters had an Amphenol 126-216 power
connector. Most of these have been replaced with old or new type
Mark connectors.

BATTERY & CABLE FITTINGS

Pri or to 1984 (about G720 and D99) batteries and chargers were
equipped with three-pin Bendix JT02A-8-3S connectors. These
became very high priced and then obsolete. Since 1984, the less
expensive and more common two-pin Cannon KPT06B-8-2S con-
nector has been used. The matching cable connectors are
JT06A-8-3P-SR and KPT06B-8-2P, respectively. As meters are
serviced at L and R, the 3-pin connectors are being updated to 2-pin
connectors.

4-10
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LEVELS

Three types of levels are available for the land meters. The
standard and original levels are spirit bubble (liquid) levels. In
1979 electronic levels became an option. These are high precision
air damped pendulums. Their position is measured with a capaci-
tance bridge and registered on two galvanometers or an LCD
(liquid crystal display). In 1989 inexpensive electronic levelswere
introduced. They are liquid levels with electrodes and conductive
fluid.

SPIRIT BUBBLE LEVELS

Thesearetheoriginal levelsusedinamost all L and Rland meters.
In most Model G meterstheir sensitivity is60 seconds per division
and in most Model D meters their senditivity is 30 seconds per
divison. They can be stored at temperatures down to -51°C
(-60°F). The lowest temperature for correct reading is -18°C
(0°F). Thelevelsin the early meters are illuminated from bel ow
by aNo. 327 bulb when the reading light switch isturned on. This
isa28-volt aircraft bulb operating at 12-volts. Its lifetime should
bevery long. It looksamost identical to the reading bulb (N0.330).
The 330 should NOT be used to illuminate the level.

LEVEL VIAL
f SPRING
N g (D
I

LIGHT SOURCE

ADJUSTMENT
SCREW

<+—SUPPORTS—»
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Since approximately meter G-970, all meters without CPI have
high intensity LED lamps for the levels and for optical reading of
the meter beam position. Since 1996 akk meters are equipped with
LED level and reading lamps. These low heat lamps are optionally
available on all metersreturned for service. They are of great value
to meters that will be used in warm climates. The lamps operate
from lower voltage and thus the meter wiring is different than for
the incandescent N0.330 and 327 lamps. Also, the lamp housing
are different.

The bubble levels have three distinct disadvantages:

¢ A smal amount of direct sunshine on the levels causes
differential heating, fluid density gradients and inaccuracy

« Thelevelsarelocated just beneath the black lid. On very cold
days, thereis sometimes enough differential contraction of the
vials, housing and supports to cause significant error, assum-
ing the levels had been adjusted in awarm environment.

« Thelevels are slow to creep to afina position, especially in
very cold weather.

The leve s are adjusted with a hexagonal alen tool provided with
each meter. The adjusting screw is at one end of each level and is
reached through a small access hole in the black lid. The hole is
covered with a small square black metal plate. Loosen the small
screw holding the platein place and rotate the cover plateto expose
the access hole.

Some older Model G meters before approximately G350 do not
have externally adjustable levels. It is necessary to remove the
black lid to make level adjustments. Two special tools were pro-
vided with these meters to facilitate level adjusting. One is an
aluminum tube to hold the eyepiece while the black lid isremoved
and the other isa special wrench for adjusting the level nuts. Many
of these meters have been retrofitted with externa access level
adjusting and retrofitting should be considered when these ol der
metersare at L and R for other servicing.

4-12
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ELECTRONIC LEVELS (PENDULUM TYPE)

These levels are idea except for their high cost. They overcome
al of the above mentioned disadvantages of the spirit bubble
levels. For specifications and a diagram, see the Options section.

ADJUSTMENT

Electronic level adjustment procedures are similar to those used
for the spirit levels. The directions for spirit levels can be utilized,
realizing that 4 galvanometer increments equal approximately 1
bubble division: 15 seconds of arc for aModel G and 7 or 8 for a
Model D. If more or less senditivity isdesired, it may be adjusted
alLandR

The longer level adjusting tool is required to adjust the electronic
levels, as they are farther below the meter lid than are the spirit
levels.

Once adjusted, the pendulum levels are very stable and remain in
good adjustment. However, their adjustment should be checked
whenever the meter is shipped or encounters a drop or severe
bump.

The easiest method of initially adjusting the electronic levelsisto
first adjust the spirit levelsin accordance with this manual. Then,
with the Allen wrench, reset the electronic level adjustment screws
until both leveling galvanometers display O (center of their range).
Thelocations of these adjustment screws are shown on the follow-
ing illustration. Do not readjust the electronic levels on a daily
basis as they are more stable than the spirit levels. The optical
reading line may increase one small division when going to high
latitudes or decrease one small division when going to equatorial
latitudes.

When the gravity meter is moved over very large differences in
latitude, displacement sensitivity changes can occur. If the
sengitivity change is large, both long levels (electronic and spirit)
must be readjusted. This will cause a small difference in the
reading line position, therefore it should be adjusted al so.
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— Electronic level adjustment

@ access covers—
= N\~

DETERMINING A
M ORE PRECISE READING LINE

Using the electronic levels, level the gravity meter carefully.

Using the optical readout, set the microscope cross hair on the
reading line specified for the gravity meter. If thereading line
is not known, assume areading line position midway between
the beam stops. With the gravity meter nulled at the above
optical reading line, adjust the zero of the electronic beam
readout microammeter to makeit read zero. Usetheelectronic
beam readout in all further adjustments.

Keeping the cross-level in the level position, tilt the longitudi-
nal level 2 smal scale divisions on the longitudina level
microammeter, first in one direction and then in the other.
Note both the magnitudes and displacements of the
corresponding beam microammeter. Repeat severa times to
be sure of the results.

If the beam microammeter moves to the right (upscale in the
microscope) the same amount for each tilt, then the chosen
reading lineis correct.
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If thereading lineisnot correct, proceed asfollows. Makethe
previously described 2-division long levd tilt by lowering the
side of the gravity meter which hasasingle leveling screw. If
the beam microammeter then moves upscale more than it does
with the opposite tilt, the assumed reading lineistoo high (too
far to the right on the beam microammeter). Otherwise the
reading lineistoo low.

Shift the reading line 2 microammeter divisions in the
direction determined above and repeat the above step. Con-
tinue shifting the assumed reading line paosition until the cor-
rect positionisfound or passed. Thisprocedurewill determine
the correct position for the reading linewithin 2 microammeter
divisonsor better. Continue adjusting until thereading lineis
determined aswell as possible. After this has been done, reset
the zero of the beam microammeter to makeit read zero at the
correct reading line.

REPAIR

If there is a need to replace the pendulum level in the field, care
must be exercised. If the wire connected to the side of the level
must be resoldered, over heating can damage the interior of the
level. The heat should be applied to the tip of the wire lug. A heat
sink should be located on the lug between the level housing and
heat. A small pair of needle-nose pliers should be adequate as a
heat sink.

There is a small chance that alevel might stick to one end of the
range of travel. A very light tap of the finger on the meter lid will
freethe pendulum. When the meter isnext at L and Rfor servicing,
the sticking level will be cleaned as part of the standard servicing.
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ELECTRONIC LEVELS (LIQUID TYPE)

These levels are a compromise. They are low in cost and they
overcome the first two disadvantages of the spirit bubble levels.
Optimum damping for alevel would be about 70% of critical. The
pendulum levels have optimum damping. At thermostated tem-
perature, the liquid electronic levels are damped to approximately
40% to 50% of critical.

They consist of abubbleinside acurved glass tube. Thefluidisa
conductor and there are electrodes in the tube to sense the change
inresistivity asthe bubble moves along the curved tube. Sincethey
are located just above the sensor in a thermostated area, they are
not affected by ambient air temperature or sunlight.

J

R

Conducting Fluid
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CAPACITANCE BEAM POSITION
INDICATOR (CPI)

T he CPI was mentioned in the Options section of thismanual. It
isthe most popular and important option. It senses the position of
the beam with greater accuracy and less fatigue than the micro-
scope. It is a capacitance bridge with a capacitance plate on the
beam and a fixed plate above the beam and another fixed plate
below the beam.

The electronic card of the CPI fits into a pocket on the outside of
the meters heater box. The card has had three main types during its
evolution: discrete components card, Hybrid card and N-card.

Discrete component cards were used from about G-130 (1967) and
the first Model D meters until approximately G-375 and D-10.
Hybrid cards were used from then until G-472 and D-25. The Type
N card was then introduced.

No Model G meters before G-100 had aCPl asoriginal equipment.
Their type of card depends on when they were retro-fitted with
CPI.

When the Hybrid card is damaged by reverse polarity of the power
supply, it isnot repairable. The N-card is usually easy to repair.

The following two diagrams show some of the details of the CPI.

ASE
ARA-

MOVABLE PLATE GALVANOMETER

HEATER BOX FIXED PLATES T
OSCILLATOR T
RECORDER
JACK
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ADJUSTING GALVO GAIN & ZERO

T here is a small rectangular black cover plate on the far side of
the black lid. Beneath it are two variableresistors. One adjuststhe
gain of the galvo and the other sets the zero position of the galvo.
Common gain settings for the Moddl G are 100 microGals per
large galvo division for regional surveysand 50 microGal for more
detailed surveys. For Moddl D, typical settings are 40 microGals
for average work and 20 or even 10 microGals per large division
for high precision work.

Whenever the galvo gain is adjusted the galvo zero position must
be reset. Null the meter with the microscope. When the cross hair
ison thereading line, turn the zero variable resistor until the galvo
pointer ison the exact center of the dial.

GALVO HIGH-LOW SWITCH

Some meters have an extra switch on the black lid. It alows
switching from low galvo sensitivity (gain) to high sensitivity. On
most metersthe galvo is set so oneeyepiecedivisionisequal to one
or two galvo divisions. With this switch, the meter isusually set so
one eyepiece division equa s two galvo divisions on low and five
divisions on high. On most meters with the switch, the gain may be
set as high as 10 microGals per galvo division.

To set the sengitivity, place the switch in the high position. Set the
sengitivity as outlined in the manual, to the desired level. Remem-
ber to reset the zero position after any change of galvo sensitivity.
Then with the gain switch in the LOW position, adjust the HI-
LOW gain pot (variableresistor) to the desired level. This gain pot
isjust aresistance in series with the galvo.

With the electrostatic nulling option, changing the galvanometer
sengitivity will alter the time constant of the feed-back loop and
increase the amount of galvanometer jitter induced by the electro-
static nulling system.

INSTRUCTION MANUAL 3-2001 4-19



MEeTeR DETAILS MobeL G&D METER

REPLACING THE GALVANOMETER

M eters before about G467 and D27 have round galvanometers.
These are obsolete and new replacements are not available.
Occasionally aused one becomesavailable. Thereisashort pair of
wires on these galvos and an electrical connector. Exchanging
them is straightforward.

When the round galvanometer became obsolete, it was replaced
with the rectangular galvanometer. These are less satisfactory. A
single drop of rain can be drawn into the galvo by surface tension.
Condensation on the working surfaces can cause the galvo to be
sluggish and inaccurate. After the galvo dries it may work
satisfactorily. However, there is a chance that subsequent corro-
sion may cause the galvo to fail at some timein the future. A very
small line of clear silicone rubber between the clear plastic galvo
cover and the black lid will give some protection from water but
cause some bother whenever the black lid must be removed.

Replacing the rectangular galvanometer requires a soldering iron.
« Disconnect the 12-volt power.

« Removetheblack lid, as described earlier.

«  Pull the galvo upward out of its pocket in the meter insulation.

» Therearetwo soldering lugs at the base of the galvo. One has
asmall resistor covered with shrink tubing.

« Makeanote of thewire colorsand the orientation of the galvo.
» Unsolder the wire that does not have the resistor

«  Carefully remove the shrink tubing from around the resistor.
« Unsolder theresistor from the lug.

» Resolder thefirst wire to the new galvo lug and the resistor to
the other lug, paying attention to the orientation of the galvo
and wire colors.

«  Wrap the resistor with alittle tape or shrink tubing.
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Replace the galvo in its pocket.
Replace the black lid.
Connect the 12-volt power

When the meter comes up to thermostated temperature, verify
the galvo moves in the same direction as the beam image.

Check the sensitivity and zero settings of the galvanometer.

Development isin progress of aliquid crystal display (LCD) that
will replace the galvo aswell as perform other functions.
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VARIABLE DAMPING

Normal beam damping is about 70% of critical damping. The
variable damper allows normal beam damping to be increased by
afactor of 25. Normal damping is accomplished by two air damp-
erslocated on the bottom of the beam. Thereisasmall damper near
the back of the beam and amain damper near the front or mass end
of the beam. Each damper consists of a set of concentric inverted
cups on the bottom of the beam and another set of concentric cups
fixed to the bottom of the sensor box. The beam cups and fixed
cupsinterfinger. To pull the cups apart, air must flow up and down
several times to reach the inner cup of the damper. Meters with
variable damping have extracupsin the main damper and asmple
rotary valve to open some of the cups when full damping is not
desired.

2 Z Beam %.
Beam— ., Ny, AN 771 N 7
Damper  Fixed
: : : Damper
\W N % N
AR Sensor Box \ N

ADJUSTING DAMPER

To adjust the damping, turn the meter on its side and remove the
nylon screw on the underside of the white case. Some early models
have an aluminum cover plate.

The screwdriver slot of the lower adjusting screw will then be
visible. Note on the drawing that a coil spring keeps the lower
screw in the downward position. With a screwdriver in the slot of
the lower adjusting screw, push inward and engage the sot of the
upper adjusting screw. For maximum damping the screw isturned
clockwise about one eighth revolution (three quarters of aturn on
some earlier meters). A very small amount of torque will be
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required to turn the adjusting screw and a positive stop can befelt.
As the screwdriver is removed, the coil spring should force the
lower adjusting screw away from the upper screw and back to its
origina position.

For minimum damping (that of a standard gravity meter), the
above procedure is reversed. When maximum damping is engaged
the damping will be approximately 50% that of the L and R
underwater gravity meter and about 25 timesthat of astandard land
meter.

Beam Meter Box
/ e

N

Air Damper §\§/ \-§/\
\ %H/\

V22 AI\I/I/
N \\\\\\

\\\\\\\\\\\\\\\\\\\\\\\\\W/ / s

/ S / )
Adjusting Screw R S _ \ Box (oven)

Coil Spring —*“O"Ring Sedl
L ower — Cover Plate or Plug

Adjusting Screw

ELECTROSTATIC POSITIONER

So that faster readings may be obtained when maximum damping
isengaged, an electrostatic beam positioner is provided. The beam
positioner switches are the momentary switches located on the
operator side of the top of the gravity meter. These switches are
also called “cheater” switches. To move the beam (crosshair or
galvo) upscal e, the switch on theright is pressed, to move the beam
downscale, the switch on theleft ispressed. Thebeamispositioned
at the reading line with a touch of the left or right switch. If the
crosshair then drifts to the left, the nulling dial must be rotated
clockwise to a higher reading. Again the beam is positioned at the
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reading line and the process repeated. The dower the crosshair
moves away from the reading line the less the meter is away from
the null (balanced) reading. The beam positioner will also operate
when the meter is set for standard damping but will generally not
be needed.

A solid state power supply providesthe voltage (about 60 volts) for
the beam positioner.

In using the beam positioner, it is important to keep in mind that
the electrostatic force can only overcome approximately 75 milli-
gals of spring tension. therefore, if the meter is set more than 75
milligals from the value of gravity, the beam positioner will not
move the beam. It will then be necessary to use the spring tension
adjustment (nulling dial) in conjunction with the beam positioner
initially to get the meter in range of the reading. It may be neces-
sary to tap the meter gently if the beam is dlightly sticking on a
stop. This may help avoid an excessive amount of dial turning.

For the gravity meter to operate properly it is important that the
lower adjusting screw is down and away from the upper adjusting
screw (Seethe cross sectional view).

CAUTIONS:

« Too much force on the damper adjustment can shear set pins
and render the gravity meter inoperative.

«  After changing the damping, be surethe lower adjusting screw
has moved down to its original position.

« Make sure the beam positioning switches do not become
“stuck” in the down position. Your results will be grosdy in
error and useless.

« Dust, dirt and moisture are major causesfor failure of the beam
position switches.

*  When reading the gravity meter, be aware of these switches.
Do not accidentally depress them.
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REPLACING THE
CHEATER SWITCHES

M eterswith variable damping have two switcheson the black lid
on the side toward the operator. They are for electrostatically
pushing the beam to the null position. These switchescanfail when
subjected to excessive dust, mud or water. If this occurs in a
location where replacement is not available, it is possible to re-
move the switch, and connect the wires in such a way that will
allow the meter to function.

TO SERVICE THE SWITCHES

« Disconnect the 12-volt power.
» Removetheblack lid.

« Removethe switch by removing the two screws on the outside
of the white box that hold the switch bracket.

«  Pull the switch and bracket upward to expose the wires.
« Make anote of wire colors and position.
» Unsolder the wire.

« Follow the diagram.

Left Right
C = Common
NO = Normally Open
NC = Normally Closed
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CHEATER SWITCH REMOVAL

To remove the cheater switch temporarily, connect the brown wire
to the green or violet wire, depending on which switch isremoved.

Do not connect the yellow wire to any other wire. Insulate the
conductor of the yellow wire with tape.

/Temporary\
Connection K\
c c
g@ 5 _ ¢
= o 2 5 O 2
> > m O Y m
Insulate
Conductor
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REPLACING THE
NULLING COUNTER

The nulling counter is like an odometer on a car. Failureisvery
rare. If it does occur, it is best to send the meter to L and R.
However, if thisisdifficult, it can bereplaced in thefield.

NOTE:
This procedure can cause major damage to theinstrument if the
counter synchronization with the measuring screwislost. Thatis

thereason the two counters must be set to the samevalue and the
stalk shaft not turned while the counter is not engaged.

« Disconnect the 12-volt power.
* Removetheblack lid.
« Make note of the counter reading.

¢« Removethe dacron insulation from around the counter and the
upper part of the nulling stalk.

» Set the new counter to the exact same reading as the old
counter.

¢ Remove the two brass nuts and washers on the side of the
nulling stalk opposite the counter.

» Slidethecounter away from the stalk until the gear and thetwo
studs clear the stalk.

» Do not turn the vertical shaft.
» Replacethe old counter with the new.

¢ Note that the holes for the counter studs are slotted. This will
allow for adjustment of the gear mesh.

«  While tightening the nuts, feel the mesh of the counter gear
with the stalk gear by turning the vertical shaft asmall amount.
The mesh should not be too tight or it will cause excessive
bearing wear nor too loose or it will cause excessive gear wear.
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REPLACING THE
HEATER CONTROL MODULE

Pri or to mid 1966, a mercury thermostat controlled the heater.
From G-125 and D-1 onward, a thermistor bridge has been used.
Most of the early meters with mercury thermostats have been
retrofitted with thermistor bridges and their mercury thermostats
removed.

The heater control module is a brown or black cube about
2x2x2.5cm in size. It has two electrical connectors and red LED
light. It is located under the Dacron insulation and rests atop the
metersinner aluminum lid. Replacement is straightforward.

Disconnect the 12-volt power.

Remove the black lid.

Remove enough Dacron to expose the module.
Repl ace the module.

Temporarily connect to 12-volt power to verify the red LED
lights.

Replace the Dacron and black lid.
Connect the 12-volt power.

Watch the thermometer and verify the temperature comes up
to the correct amount.
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CHANGING OPERATING
TEMPERATURE

THEORY

T he temperature control system associated with the Thermistor-
Transistor Heating Circuit is solid state. A temperature-sensing
thermistor bridge operates an amplifier and power transistor to
control the current to the heating element.

The thermistor bridge contains two legs of thermistors and two
legs of balancing resistors. One of the resistor legs normally con-
sists of one 10kQ resistor. This leg is known as the “fixed-leg”.
The second resistor leg, with aresistance of 10kQ +2kQ, isknown
asthe “selected-leg”.

In our laboratory the operating temperature is set by choosing the
resistor within the selected-leg. It is, therefore, necessary to change
the selected-leg resistor(s) to change the temperature of the instru-
ment. Temperature is an inverse function of resistance. A
resistance change of 800Q results in an approximate inverse tem-
perature change of one degree centigrade.

Because the gravimeter has an optimum operating temperature, we
do NOT recommend changing the temperature, however, under
extreme environmental conditions, operating at the optimum tem-
peraturemay result in erratic readings and drifts. In cold conditions
this would be caused by the heater not being able to provide
enough heat. In hot environments this would be caused by the
instrument heating above the optimum temperature. (This would
be more noticeable in extremely hot climates than in extremely
cold climates.) Temperature adjustment of +5°C or more should be
avoided if possible. Therearefield techniques described in another
section of the manual that can reduce the effects of extreme
ambient air temperatures. These other techniques should be ex-
hausted before considering a change in the operating temperature.
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PROCEDURE

To change the operating temperature less than two degrees, it is
necessary only to change the selected-leg resistance. (See excep-
tion below ) Remove the black lid of the instrument and enough
dacron insulation to expose the heat control module next to the
thermometer well.

Gently remove the sel ected-leg resistor(s) mounted on agreen and
yellow twisted pair of wires (green and red in some older meters).
Remove power to the instrument when cutting or soldering any
wires.

To decrease the operating temperature, add (in series) resistance at
the rate of about 1000Q/°C. Resistors must be precision film type
(RN-55D). Do not change by more than 2000Q resistance.

To change the operating temperature more than 4°C, or if the
desired instrument temperature is not within 4°C of 50°C, it is
necessary to change the fixed-leg resistor before changing the
selected-leg resistor. Thisfixed-resistor (normally 10k or 11kQ) is
changed to maintain the balance and equal thermistor sensitivity.

To change the fixed-leg resistor, remove power from the instru-
ment and find the brown and purpl e twisted wires and components.
Carefully cut away the outer tube of shrinkable tubing. There will
be exposed one 10kQ resistor (the fixed-leg resistor). Remove the
fixed-leg resistor and replace it with one of appropriate value (see
thetable below). Resistors should only be RN-55D metal film. Use
shrinkable tubing to cover bare wire and to form the outer tube
shield.

DESIRED
FIXED-LEG OPERATING
RESISTOR TEMPERATURE (°C)
15kQ 40.1-44.0
12kQ 44.1-48.0
10kQ 48.1-52.0
9.1kQ 52.1-56.0
7.5kQ 56.1-60.0
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At this stage, the selected-leg resistor(s) must be balanced. The
resistance should be within about 3000Q of the fixed-leg resistor.
Thisismoreor lessatrial and error selection. Begin with aresistor
equal to the fixed-leg resistor. Add resistance for a lower
temperature; use |ess resistance for higher temperature.

GENERAL NOTES

Because of resistor and thermistor tolerances, and because
thermistor temperature-resi stance curves are non-linear, the exact
resistance is difficult to predetermine for a specific temperature.

It is sometimes necessary to “tune’ the resistance in the selected-
leg with one or two smaller valued resistorsto get the exact desired
temperature.

A few older Thermistor-Transistor Circuit bridges use two watt
wire-wound resistors. Theseresistors are perfectly satisfactory but
are larger than the precision film resistors now used.

For further information or assistance contact our laboratory.

NOTE: Whenever drastic operating temperature changes are
made of more than a couple of degrees, the interna pressure/vac-
uum must be released. Between the gear box, the arrestment stalk,
and the eyepiece stalk, there is a seal cap retained by three 2-56
screws. Loosen al three screws and lift the seal cap. After the
temperature change has been made and the temperature stabilizes
replace the seal cap and tighten the screws. Caution, be sure there
are no dacron fibers on the seal cap nor on the mating surface of
the gravity meter sensor lid. If the seal capisleft open, theinert dry
gas may be lost from the inside of the meter. This voids the
warranty.
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BIMETALLIC THERMOSTAT

A small sealed cylinder containing a bimetallic thermostat is lo-
cated on the side of the heater box. It isin series with the heater
wire. If the meter is about to overheat, the bimetallic thermostat
will open the circuit and stop the heating before thermal damage
can occur.

The most likely cause of the overheating has been the inadvertent
reversal of the 12-volt DC power to the meter. This causes the
heater control to command the heater to be on, regardless of the
temperature sensed by the thermistor bridge. When the bimetallic
reaches 69°C, it will open and the temperature will decrease. At
some temperature the bimetallic coil will close, power will flow
into the heater wires, the temperature will rise to 69°C and the
cyclewill repeat.

On meterswith the ATO-3 fuse and reverse polarity protection, the
ATO-3 will prevent the reversed 12-volt polarity current from
entering the meter.
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CHECKING THE METER SEALS

T he meter is sealed. This increases the accuracy of the meter. If
the meter were not sealed, a change in atmospheric pressure would
cause a change in the buoyancy of the beam mass and would give
the fal se appearance of achangein gravity. In case one of the seals
did leak, there is a buoyancy compensator on the meter’s beam. It
isalarge fixed volume of light mass located in back of the beam
hinge or pivot point. During construction of the meter, the
compensator is positioned on the beam to remove at least 98% of
the effect of atmospheric pressure changes, should aleak develop
in the sensor enclosure.

Buoyancy
Compensator

\ \— Hinge or
Mass Beam Pivot Point

If the sensor develops a leak, The compensator will alow an
accuracy as good as other gravity meters in good working order.
However, the accuracy will be less than optima and less than
desired for careful gravity observations.

On the average, seals begin to fail after eight to ten years. They
become hard and brittle. L and R recommends “long term
servicing” every eight to ten years. (See the section on servicing.)

It is easy to test for a sedl failure if alarge change in elevation is
available. A change in elevation will cause a change in atmos-
pheric pressure. Taking a series of gravity readings after a recent
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change in the meter’ s elevation will berevealing. Asair leaksinto
or out of the meter, there will be achangeinthereadings. Therate
of this change will depend on the size of the leak, the magnitude of
the recent change in ambient air pressure and how accurately the
buoyancy compensator was set during construction of the meter.
Remember, at any one location, gravity is changing due to earth
tides. This change is at most one microgal per minute. If
observations are made every two to five minutes, corrected for
earth tides and plotted against time, the resulting curve should be
fairly straight and horizontal. If it is not horizontal, it is probable
that a meter seal isleaking.
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CHECKING FOR MECHANICAL
HYSTERESIS

W hen the beam is clamped, it is pushed down against the adjust-
able bottom stops. These are set to limit the travel of the beam to
7Y%, small optical divisions of downward travel from the null
reading line. Clamping stretches the main spring, compared to its
length when the beam is unclamped and at the reading line. There
is amechanism in the meter that pushes the beam backwards as it
is clamped and that “push” is exactly the amount necessary to
shorten the main spring back to its length when it was unclamped
and at the reading line.

DUAL MOVEMENT OF BEAM CLAMPING

Wereit not for the dual movement of the clamping mechanism, the
spring would be stored elongated. It would relax in this stretched
position and when unclamped for the next reading, reverse creep
would occur. It would take ten to twenty minutes for the meter to
stabilize for areading.

Themeter iscarefully adjusted during construction. If needed, itis
also adjusted each time it receives “standard” servicing. Only a
severe blow to the meter will cause the hysteresis compensation to
move out of adjustment.

An observant meter reader can notice when the meter is working
properly or when it takes too long to “creep” into final null
position. Remember that gravity is changing due to earth tides by
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up to one microGal per minute. This should not be mistaken for
mechanical hysteresis. A computed table of earth tide values will
allow the observer to separate the earth tide changes in meter
response from the hysteresis changes. For first timetesters of meter
hysteresis, it smplifiesthe observation if earth tidesare not chang-
ing. Such atime can be selected by looking at atable of earth tides.

A more detailed and lengthy test for mechanical hysteresis is
performed at L and R during “standard” servicing.
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DoOuBLE OVEN

The purpose of this option is to improve the accuracy of field
observations, especially in cold climates and to improve the accu-
racy of stationary observations when the land meter is used to
record earth tides.

The double oven option was introduced in 1991. The meter's
standard oven is placed inside an outer oven. The space between
the two ovens is rigid urethane thermal insulation. Between the
outer oven and the meter box is more urethane insulation. The
inner oven is thermostated at its regular temperature (usually
between 50°C and 56°C) and the outer oven is thermostated at
about 38°C.

The configuration of early modelsisacylindrical meter box made
of light high-strength aircraft plastic, 30 cm in diameter and 30cm
tall. The outer oven is cylindrical aluminum 22 cm in diameter.
The black lid is designed to be water resistant.

Electronic levels and CPI are required for this option. The micro-
scope viewer of beam position and the spirit levels are retained
within the outer oven for use during factory servicing, but are not
visible during normal use. A specia baseplate is available with
larger diameter, but with three feet in the same position as the
standard baseplate.

Because of the careful selection of materials, the meter installed in
the double oven option does not weight much more than the
standard configuration.
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STANDARD

CHARGER/BATTERY ELIMINATOR

T here have been four major designsof the L and R charger/elimi-
nator:

Early chargers were for NiCad batteries: These were provided as
original equipment for metersup to G-323 and D-12 or about 1973.
Almost al of these have been replaced by newer designs and the
NiCad batteriesreplaced with gelatin stabilized | ead-acid batteries.

Next werethe early gel-cell battery charger. They are distinguish-
able by an amp meter, ared power indicator lamp and asinglered
LED lamp that indicated when the meter was receiving heating
power. These chargerswere builtin 1973 and 1974 and many are
still in service.

The more recent charger is similar in appearance to the above,
except there are two LED’s: one to indicate when the meter is
receiving heating power and one to indicate when the battery is
receiving more than a trickle charge. These were built between
1974 and 1989.

The present charger no longer has an amp meter. This was the
most expensive component on earlier chargers and the part most
frequently damaged by mechanical abuse. The amp meter has
been replaced by an LED ten-element colored bar display.

When using any of the gel-cell battery chargers, if the AC power
source is intermittent, the meter will not go off heat aslong asthe
charger has both a battery and the meter connected to it. When AC
power is lost, arelay changes position. It disconnects the battery
from the charging circuit and connects it to the gravity meter.
When AC power returns, therelay returnsthe battery toitsoriginal
charging position and the gravity meter to the regulated 12-volt
power.

The chargers are designed to operate from 115 or 230 volts £10%
from 47 to 420 Hertz AC power. The 115/230 switch ison theface
of the one and two LED chargers. It is internal on the new
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ten-element LED charger. The charger may be damaged if it is set
for 115 volts and connected to 230 volts. The charger will not
function properly when set for 230 volts and connected to 115
volts.

The circuit breakers within the chargers can be tripped by a sharp
blow as well as excess current. A blow may occur during
transportation. If the charger is not working after shipment, first
check the breakers. There are two breakers, one on the incoming
AC power line and one on the outgoing charger line. Both are 1.5
amp rating. To reset the breakers:

« Disconnect from the AC power

e Turnthe charger upside down

« Remove the bottom of the charger (four screws)
e Pressin the plungers of the two breakers

«  Replace the charger bottom.

If the receptacle for the bottom screws are loose, they may be
tightened by pressing the a uminum together a small amount with
pliers.

Chargers before 1987 had a separate battery charging cable with a
round Amphenol 3-pin fitting at the charger end of the cable.
When disconnecting a battery from the charger, this cable aways
should be disconnected at the battery end first. If the other end of
the cable is disconnected first, there are two exposed pins with
unfused 12-volt power acrossthem. Severe damage could occur if
these were shorted by brushing across a metal surface.

Chargers built after 1986 (with nondetachable charging cable)
have a small modification which provides smoother power for
those meters using the electrostatic nulling options when their
gravity meter is plugged into the charger/eliminator. Earlier
charges that have had this modification can be identified by open-
ing and examining the PC board. The modification can be identi-
fied by two 0.75 ohmresistorsin parallel located closeto therelay,
or by the small XREG label on the bottom of the charger housing.
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HIGH SPEED CRANK

T he high speed crank can expedite gravity reading whenthereare
large gravity differences between gravity stations. It is a small
cylindrical gear box with aratio of 9.5to 1. Thereisasmall crank
at the top for turning while the housing is held by two fingers. At
the bottom is a yoke with two pins that fit into matching holesin
the top of the meter’ s nulling dial.

OPERATION

To use the crank simply place it on the top of the nulling dial,
matching thetwo holesin thedial and thetwo short pinson thegear
box.

We strongly urge the operator to use discretion in the rate of speed
thedia isturned asit is possible that the life of the counter may be
shortened if the dial is rotated too fast. Also, caution should be
exercised when approaching the end of travel of the counter
(0000.0 and 7000.0 for the Model G and 0000.0 and 2000.0 for the
Model D).

The operator will prefer to use the device to bring the counter to an
approximate gravity reading, then lift it off the dial and complete
thefinal gravity reading in the usual manner.

The device is a precision product with high quality gears and
bearings throughout. Care should be taken to protect it from dust
and dirt as much as possible and to handle it carefully. Its useful-
ness can be decreased by dropping it and bending the shafts or
housing.
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PHYSICS OF THE SENSOR

| ntheearly days of earthquake seismology, long period horizontal
motions could be measured with the horizontal pendulum seismo-
graph. Asthe axis of rotation became closer to vertical, the period
became longer. Theoretically, if the axis is vertical, the period is
infinite.

Dr. Romberg posed the question to his student, Lucien LaCoste,
how to design a vertical seismograph with the characteristics as
good as the existing horizontal pendulum seismograph.

In the illustrated suspension, there are two torques. gravitational
and spring. If these two torques balance each other for any angle
of the beam, the system will have infinite period. The smallest
change in vertical acceleration (or gravity) will cause a large
movement.

The torque due to gravity is:

Tg = Wd sin 0
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Where W is the mass and d is the distance from the mass to the
beam'’ s hinge.

Thetorque due to the spring is the product of the pull of the spring
and the springslever arm, s.

s=asnf.
The length of the spring isr and by the law of sines:

r = bsin@
sinb

If the spring constant isk and thelength of the spring without force
isn, The spring force isillustrated by this graph.

Force

nd

Length
The torque due to the spring is then:

Ts = - k(r-n)s
= kns - krs
- . kbsnB 4
kns - k Snp asinp
= kns- k absn®
Thetotal torqueis:
To = Tg + Ts

Wdsn6 + kns - kabsin©

kns + (Wd - kab)sin®
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This equation would yield zero torque and would be satisfied for
al anglesof B if:

n=0 ad Wd-kab=0

For n to equal zero, we must have a“zero length spring”. That is,
a spring whose force-length graph passes through the origin or, at
least, pointstoward the origin. Theturnsof ahelica spring of zero
unstressed length would bump into each other before the spring
actually reached zero length. By making a helical spring whose
turns press against each other when there is no force on the spring,
a"“zero length spring” can be made.

Force

Length

Length When Turns
Begin to Separate
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ZERO LENGTH SPRING

There are several ways to make a zero length spring. A simple
zero-length springisaflat spiral spring. The mechanical properties
of aspira spring are not as convenient as a helical spring.

To make azero-length helical spring, the spring wire can bewound
onto amandrel. Asthewireiswound, it can be twisted.

Mandrel

f

26

!

“— Chuck

Another method is to hold the wire at an angle and with tension
while winding it on arotating mandrel.
< End of spring locked in place (A)
\—\ Spring wound normally

: i

i Completed “Zero-Length”

(B) ( ) }

Still another method is to “turn the spring inside out”.
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Theactual spring used inthe L and R metersare “ negative-length”.
The spring wire is large enough and stiff enough that the spring
would not act like an ideal spring if the spring were to be clamped
at both ends. Thus, avery fine but strong wireis attached to thetop
end of the spring and another to the bottom of the spring. The top
wireisclamped to thelever system and the bottom wireis clamped
to the beam. The effective length of the spring is the combined
length of the helical spring and the two fine wires. That combina-
tion is “zero-length’. The helical spring by itself is “negative-
length”.

| NSENSITIVITY TO LATERAL VIBRATIONS

An important feature of the zero length spring suspension is its
insengitivity to longitudinal and transverse vibrations (Harrison
1960, LaCoste 1967). Consider the spring to be made of identical
masses with segments of weightless zero length spring between the
masses. The top end of the spring is attached to A and the bottom
to B. Since the spring segments are zero length springs, the forces
each spring exerts on the adjacent masses are proportional to the
spring length. Therefore, if the masses are equally spaced verti-
cally, thevertica component of force exerted on each masswill be
zero regardless of its horizontal position or horizontal motion.
Also, the vertical components of force are proportiona to the
vertical component of spring length. (The vertical component of
the force vector remains the same.) Also, the vertical force on A

and B will be independent of any horizontal motions.
A

B
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CALIBRATION

Calibration of the L and R gravity meter is accomplished in two
states:

« First arelative calibration is obtained at numerous points over
the entire range of the meter

« Then the relative calibration data are adjusted to absolute
values by field measurements over aknown gravity difference

Considering the geometry of the micrometer screw, lever system
and suspension, the interval factor curve should be a third-order
curve. There will be minute deviations from the ideal third-order
curve dueto imperfectionsin thelever system, gear box, microme-
ter screw and the jewel and pivot where the micrometer screw
transfers its movement to the lever system.

To obtain the relative calibration curve, afixtureis attached to the
beam mass.

* One part allows a calibration mass to be added and removed
from the beam.

« Another part is along thin screw with a small adjustable nut
that allows the meter to be nulled in the lab over the full travel
of the micrometer screw.

Cdlibration Mass
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MODEL G RELATIVE CALIBRATION

First, let us consider the Model G meter with manual observation
of therelative calibration data. If the calibration mass corresponds
to a change of about 200 milligals and the meter can be read to
about 0.01 milligal, then the accuracy of obtaining arelative factor
is about one part in 20,000.

The relative calibration is obtained as follows; first the counter is
set to 0100.00 then:

The range adjust nut is positioned so the beam is close to
balance

The counter is adjusted to an accurate null and the counter
reading is recorded as an OFF reading

The calibrating mass is added to the fixture on the beam, the
beam is nulled and the counter reading is recorded as an ON
reading

The calibration massis removed and a second OFF reading is
obtained and recorded

The calibration mass is added and a second ON reading is
obtained and recorded.

The counter is set 200 units higher (0300.00 for the second
data point) and the above procedure is repeated at the new
counter setting.

The above procedures are repeated every 200 counter units
through counter reading 6900.00.

Four or five sets of readings are done at arbitrary positions on
the screw as independent checks for factor repeatability

The data obtained from the above laboratory observations are
processed as follows:

The two OFF readings are averaged and the two ON readings
are averaged for each set of observations
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Let
Coff = average counter reading with the calibration
mass removed
Con = average counter reading with the mass on the
beam

Ca = average counter reading
= (Coff + Con )/2

M = approximate milligal value of the calibration
mass (a constant)
Fr = reativefactor for C oy

M/ (Con - Coff)

A table of Cay versus Fr isgenerated from the observation data
a the regular intervals.

These data are plotted and a smooth curve is drawn through or
close to the data points.

The four or five sets of data taken at arbitrary points are
reduced and these points are plotted on the above graph as a
check of repeatability.

A tableis constructed by scaling seventy relative factors from
the smooth curve through the datapoints. Thevaluesaretaken
for counter readings starting at 50, 150, 250, etc. through 6950.
Name them Fsp, F150 €etc.

In 1994/ 95 the above process was computer automated. It allowed
repeated runs over the range of the meter, greater accuracy, auto-
mated plotting and automated generation of the calibration table.
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MODEL G ABSOLUTE CALIBRATION

To adjust the relative factors to absolute factors, the meter must be
read at two or more gravity stations of known gravity difference.
A single factor isdetermined. When the relative factors are multi-
plied by thissingle conversion factor, thefinal calibration table can
be constructed.

The greater the gravity difference between the calibration stations,
the greater would be the accuracy of the conversion factor. Since
the relative factors were determined by the manual lab procedure
with an accuracy of about one part in 20,000 or 22,000, then it
would be appropriate to have similar accuracy inthe determination
of the conversion factor.

The meter reading can be resolved easily to 0.01 milligal. There-
foreacalibration range of 200 or 220 milligals would be appropri-
ate for accuracy consistent with the relative determinations.

The high and low calibration stations should be close to each other
to alow the observations to be repeated several times for greater
accuracy and afurther field check of the metersrepeatability under
field conditions.

Thereislittle elevation relief and only small gravity changesinthe
vicinity of the L and R laboratory. The closest large change in
gravity is 1,000 kilometers to the west, Cloudcroft in the state of
New Mexico. Two stations were established accurately. Their
gravity difference is approximately 240 milligals.

Thefield procedure consists of alternately reading the meter at one
station then the other station until at least four readings are taken
at the top station and four at the bottom station.

The observations at both stations are plotted against times on the
same graph. Typical scales would be 0.05 counter unit per centi-
meter (or 0.10 units per inch) and one hour per two centimeters (or
one inch). Two smooth curves are drawn through the upper and
lower station data points. The second curveis constructed parallel
to thefirst.
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The separation between the two curves is the average counter
reading difference A C

If the gravity difference between the two calibration stationsis
A G, then the absolute calibration factor over that range of the
meter is.

Fabs = AG/AC

The calibration table for the Model G will consist of 70 calibration
factors, one for each 100 counter units. The 70 relative factors
determined earlier are multiplied by the absol ute calibration factor;
Fabs. The cdibration factor to use for counter readings between
0000.00 and 0100.00 is Fsp x Fans and the calibration factor for the
readings between 0100.00 and 0200.00 is F150 X Faps, €tc. If Fso,
F150 and F2sp are 1.02031, 1.02038 and 1.02045 respectively and
Fabs is 1.00321, then the first portion of the final table would be;

Counter Interval Cumulative
Reading Reading Value
0000 1.02031 000.000
0100 1.02038 102.031
0200 1.02045 204.069
206.114

See Converting the Counter Reading to Milligalsin the first sec-
tion of this manual.
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MODEL D CALIBRATION

The standard Model D has a counter range of 2000.00 and utilizes
about 62% of the full range of the lever and micrometer system.
This is a small enough portion of the third-order interval factor
curvethat, for most work, it can be approximated by astraight line.
By minor adjustment within the meter, the dope of that line can be
made almost horizontal. Thus a single calibration factor can be
used for the full range of the meter.

Many of the meters between D1 and D109 have been assigned a
single calibration factor. The meters were constructed and the
factors determined at three points; one near 0100.00, one near mid
range and one near 1900.00. These were determined at a field
calibration range of 17 milligals located near the L and R labora-
tory. The meter was adjusted the approximate amount necessary to
make the factor curve horizontal and returned to the calibration
range. If the repeated tests at 0100.00, 1000.00 and 1900.00 indi-
cated the calibration curve very close to horizontal, factors were
also determined for counter readings near 0500.00 and 1500.00. If
these also plotted on the horizontal line, a single factor was used
for the meter.

On occasion, it was difficult to obtain a sufficiently straight line
over the range of the counter or to adjust the meter so the interval
factor linewas horizontal. For those meters, a calibration tablewas
prepared using a smooth curve through the five data points ob-
tained at the Austin 17-milligal calibration range.

Starting with meter D110, the laboratory calibration was used to
determine relative calibration factors, then the meters were field
calibrated over the 240 milligal range to determine the factor
necessary to convert the relative factor to absolute factors. A
calibration mass equivaent to about 100 milligals was used and
five points were measured to determine the calibration curve.
Sincethe metersdid not have enough range to be read over the 240
milligal field range, atemporary counter was placed on the meters
to allow them to read a little below 0000.00 and a little above
2000.00.

INSTRUCTION MANUAL 3-2001 4-55



MEeTeR DETAILS MobeL G&D METER

Though this technique was an improvement of the calibration
using the loca 17-milligal field range, there were two disadvan-
tages: the 100 milligal calibration mass covered too large aportion
of the curve and could smooth some of the curvature and the
specia counter temporarily required for reading over the 240-mil-
ligal range was an inconvenience.

Beginning in 1989 (meter D-145) the laboratory calibrations use a
20 milligal calibration mass so the finer structures of the relative
curve can beobserved. Also, anew field station wasinstalled a ong
the 240-milligal range. It is approximately 160 milligals greater
than the top calibration station at Cloudcroft. The standard counter
can be used during field calibration over the 160 milligal range.

SELECTION OF CALIBRATION MASS

There are two important factors in the selection of the calibration
mass

« It shouldbelarge enoughto give accurate data (considering the
resolution of reading the meter) yet not so large that there
would be significant curvaturein the calibration graph over the
OFF and ON span.

«  Themilligal value of the calibration mass should not beavalue
likely to display aliasing with any potentia periodic errorsin
the meter.

The three most likely periodic errorsin the meters are once, twice
and four times per revolution of the micrometer screw. Selecting
acalibration mass of approximately 220 milligalsfor the Model G
gives three revolutions of the micrometer screw between the OFF
and ON of the mass. Selecting a calibration mass of approximately
20 milligals for the Model D gives approximately six revolutions
between the OFF and ON of the mass.
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FUTURE IMPROVEMENTS IN
CALIBRATION

We know that the 240-milligal Cloudcroft calibration range value
is dightly low. When the L and R meters are used on calibration
ranges determined by modern absolute gravimeters, the values
determined by the Model G meters are usually low by afew parts
in 10,000. We hope to have an absolute meter observe gravity at
the Cloudcroft range in the future.
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HISTORY

The LaCoste and Romberg land gravity meter is based on the
zero-length spring suspension. It allows an instrument to be very
sensitive to small changes in gravity yet be very compact in size.
The size of the basic element isacube about 5 centimeters on each
side. The concept of the zero-length spring was developed by
Lucien LaCoste as agraduate student at the University of Texasin
1932. He and hisfaculty advisor, Dr. Arnold Romberg utilized the
concept first to construct long-period vertical seismographs. Their
instrument exceeded the period of existing instruments by an order
of magnitude (LaCoste 1934).

While teaching at the University of Texas, Drs. LaCoste and
Romberg devel oped the first two gravity meters during 1937 and
1938. The first weighed about 125 pounds (57 kilos) and the
second about 100 pounds (45 kilos). Following spring semester in
1939, they took leave of absence from the university to develop
and build gravity meters on afull-time basis.

The first production meters weighed about 75 pounds (34 kilos).
About 45 were produced from 1939 through 1941. These meters
were not barometrically sealed but were compensated for buoy-
ancy effects of changes in air pressure. Their range was 100
milligals and they could be reset to work anywhere on the surface
of the earth.

Next came the “ 25-pound” meters (11 kilos). They had a range of
200 milligals and about 80 were built between 1941 and 1957.
There are afew of these that are still in service.

The geodetic meter was first built in 1957. These meters had a
world-wide range without resetting. Eight were constructed using
the 25-pound meter size and severa of its parts. Their range was
6,000 milligals.

Themeter was miniaturized and several improvements made. Thus
the Model G meter was born in 1959 . Since there were a few
places atop the Andes not reachable by a 6,000 milligal range, the
meters were designed to have a 7,000 milligal range. Their weight
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was about 8 pounds (3.6 kilos). They were mounted in white
fiberglass boxes with rigid foam insulation and their power con-
sumption was reduced. They were sealed so barometric pressure
changes could not effect the buoyancy of the mass. By the end of
1990, over 980 Modd G meters were constructed and almost all
aredtill in service.

TheModel D meter uses many partsin common with the Model G:
the same spring, beam and mass. However, there are two screws
for nulling the meter: a coarse reset screw with worldwide range
and afine reading screw with a200 milligal range. Thefirst Model
D was built in 1968 and over 170 were constructed by the end of
1990.

Both the Model G and Model D meters have undergone gradual
evolution in design details. As sources of error or potential
difficulties were recognized, solutions were gradually developed
and implemented. Severa changes are under way at this time.
Recently linear el ectrostatic feedback nulling has been added asan
option. Model D meters are available with both fine and coarse
screws calibrated, allowing greater accuracy in geodetic work.
Development is under way for an internal microprocessor to work
in conjunction with electronic leves, shaft encoder, calibration
factorsin memory, temperature sensor, clock and a data memory.
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SHIPPING PRECAUTIONS

Probably the largest risk to a gravity meter occurs when it is
shipped. A few simple precautions can reduce the risk signifi-
cantly. When the instrument arrives at your job, we want the meter
to be in good operating order. When the instrument is returned to
us for service, we want the cost to be as low as possible. Several
times meters have been returned to us for minor repairs and major
damage has occurred during return. Most of the risk during ship-
ping can be reduced if you follow these suggestions:

TAPE CLAMP

Place tape around the clamping screw and the eye piece to
prevent the clamp from vibrating loose or curious people from
tampering with it.

RETRACT LEVELING SCREWS

Retract the leveling screws until they are flush with the bottom
of the meter.

|.D. INSIDE CASE

Place a business card or some identification inside the carrying
case in case the box and its labels are damaged or separated in
customs.

NO BATTERIES WITH METER

Do not pack batteries with the meter. Acid has come out of them
in hot climates. Also, minor damage could cause a short and
incinerate a gravity meter.
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SHIPPING PRECAUTIONS MobeL G&D METER

KEEP LIGHT WEIGHT

Do not pack anything heavy with the meter. Keep the "Specia"
shipping box as light as possible so people will tend to handle it
with more care.

FOAM ATOP METER

Place a piece of foam rubber atop the instrument so it can't
vibrate up and down inside the carrying case. Be sure there is
nothing to rub on the instrument.

USE SPECIAL SHIPPING BOX

Usethe L and R designed shipping box for the carrying case. Plan
ahead: if it has been lost or severely damaged, send for anew one.
If theL and R box isnot available, use alarge cardboard container,
well padded with SOFT foam rubber. A wood or metal box is not
advisable as it does not absorb impact as well as cardboard.

FRAGILE SIGNS

|f the large DELICATE INSTRUMENT sign is damaged or
obliterated with labels or airbill envelopes, be sure to place a
FRAGILE sign on the box. If afragile shipment is not adequately
marked, the insurance company may reject a claim for damages.

PACKING ACCESSORIES

Pack the accessoriesin a separate box. Always place the batteries
right-side up. Protect them and other accessories from damaging
each other by using plenty of packing in athoughtful way.
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MobeL G&D METER SHIPPING PRECAUTIONS

TELEPHONE

T elephone the person the instrument is being shipped to and give
the airbill number, the shipping company, and the expected arrival
time. If the meter does not arrive, an early search can beinitiated.

DOMESTIC

From the US, return to : LaCoste and Romberg LLC, 4807
Spicewood Springs Rd., Bldg 2, Austin, Texas 78759, phone (512)
346-0077. Federal Expressis preferred. Their phoneis (800) 238-
5355.

FOREIGN

Return to: LaCoste and Romberg Gravity Meters, Inc., Austin,
Texas USA, c/o Kuehne & Nagel, Inc., Austin, Texas, U. S. A. Be
sure to attach to the outside of the box acertificate of “U.S. goods
being returned for repairs’. An example follows.

RECEIVING SHIPMENT

U pon receipt of a shipment, it should be inspected promptly and
any damage should be reported at once. For an insurance claim to
be valid, it must be reported within the limited time prescribed by
the insurance company. Save the packing material to prove to the
insurance inspector that the shipment was properly packed and
adequately labeled.
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SHIPPING PRECAUTIONS MobeL G&D METER

SHIPPING BOX SELECTION

T he proper selection of a shipping box and padding materia can
save much frustration, money and lost time. A soft box (cardboard
for example) will crush and absorb much of the jar of a drop. A
hard box (wood or metal) will transmit most of thejar of adrop to
theinside of the box. If the packing within the box is dense (dense
foam rubber, styrofoam or solid sprayed-in-place plastic) then the
jar of adrop will be transmitted to the contents. Very soft foam
rubber can absorb several times more jar than dense foam rubber.

When more than one item is in a single box, it is important to
protect the items from bumping or rubbing against each other.

Don't even consider shipping the meter in the bare aluminum
carrying case.
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MobeL G&D METER SHIPPING PRECAUTIONS

WEIGHTS & DIMENSIONS

METER
Length . .. ... .. 7% inches . ... ... 19.7 centimeters
Width . ... .. .. 7inches . . . ... .. 17.8 centimeters
Height . .. ... .. 9%inches . ... ... 25.1 centimeters
Weight . . ... ... 7pounds. ... ... .. 3.2 kilograms
BATTERY
Length . . . ... .. 6inches . . . ... .. 15.2 centimeters
Width . .. ... .. 2%inches . . ... ... 6.7 centimeters
Height . .. ... .. 4%inches . . ... .. 11.7 centimeters
Weight . . . ... .. S5pounds. .. ...... 2.3 kilograms

CARRYING CASE

Length . .. ... .. 9%inches . ... ... 24.8 centimeters
Width ... ... .. 16inches. . . ... .. 40.6 centimeters
Height . .. ... .. 16inches. . . ... .. 40.6 centimeters
Weight . . . ... .. 10pounds ... ..... 4.5 kilograms

METER W/BATTERY & CARRYING CASE

Weight . . . ... .. 2pounds . ........ 10 kilograms
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SHIPPING PRECAUTIONS MobeL G&D METER

SHIPPING WEIGHTS & DIMENSIONS

Box 1
Length. .. ... .. 24inches . ... ... 60.7 centimeters
Width . .. ... .. 16inches . ... ... 40.5 centimeters
Height . . ... ... 24inches . ... ... 60.7 centimeters
Weight. . . . . ... 3R2pounds . .. ..... 14.8 kilograms
Volume . ... .. 533 cubicfeet . . . .. 0.149 cubic meter

CONTENTS

Meter
Carrying Case
Level Adjusting Tool
Spare Fuses
Spare Lamps (for older meters)
Manual

Box 2
Length........ 26inches . ... ... 66.0 centimeters
Width . .. ... .. l4inches . ... ... 35.6 centimeters
Height . . ... ... 10inches . ... ... 25.4 centimeters
Weight. . . .. ... 21pounds . .. ..... 9.5 kilograms
Volume . ... .. 2.11cubicfeet . . . .. 0.060 cubic meter

CONTENTS

Two Gel Type Batteries

Charger / Battery Eliminator

Power Extension Cable

Aluminum Baseplate

Recording Cable (if meter has CPI option)
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FOREIGN SHIPPERS DECLARATION
COVERING THE RETURN OF UNITED STATES MERCHANDISE

Required: When value of goods exceeds $1,000.00 UScy

I, DECLARE THAT THE ARTICLES SPECIFIED HEREIN ARE, TO THE|
BEST OF MY KNOWLEDGE AND BELIEF, THE GROWTH, PRODUCE OR MANUFACTURE OF THE
UNITED STATES. THAT THEY WERE EXPORTED FROM THE UNITED STATES FROM THE PORT|
OF ON OR ABOUT THAT THEY ARE RETURNED
WITHOUT HAVING BEEN ADVANCED IN VALUE OR IMPROVED IN CONDITION BY ANY PROCESS
OF MANUFACTURE OR OTHER MEANS.

Marks Qty Model No. Description SIN Value in U.S.$

One Model G Lacoste & Romberg
Gravity Meter
and Parts

SHIPPED VIA DATE

DATE: SIGNATURE

TITLE

ADDRESS

U.S. Customs regulations, Sec 10, 1, revised as of October 1957 provides that shipments of returned
U.S. Goods valued over $1,000.00 requires foreign shippers declaration for FREE ENTRY into the United
States.

Customer
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