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INFLUENCE OF THE SPECIMEN HOLDER

When speclmens wlth very low SB are measured we have to consider
the Influence of the holder. The holder is made of dlamagnetic material (pers-
pex, polyamide). The holder as a whole shows a certain negative TSB t1D .l

An immedlate result of the measurement is the dlrectional TSB of the

specimen wlth the holder. The directional TSB of the speclmen Itself Is then

calculated from the eQuatlon

~ =
D

METHODOLOGY OF MEASUREMENT5

GENERAL INFORMATION

Installatlon of the bridge. arrangemet of the work-

Ing place

5.1.1

~

The bridge must be Installed In a magnetically undisturbed environment
wlth a constant temperature. There must be no sources of AC or pulse magne-
tic fields, e.g. large transformers, eletric motors, contactors, etc., in the la-
boratory and its v(cinity. The room must be closed and the heating (or alr con-
ditioning) such that the changes of temperature are minimmal and as s low as

possible.

The arrangement of the working place is i Ilustrated in Fig. 9. The

measuring unit Is placed on the table top desk. The pick-up unit is located

on a special stand close to the left-hand edge of the table or rather shifted

somewhat forward. The top surface of the pick-up unlt should be with the sur-

face of the top desk. With hjs left hand the operator inserts and pulls out
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the specimen from the pick-up unit and controls the measuring unit with his
right hand. The distance between the operator and the pick-up unit should be
as large as possible.

Fig. 9. Kappabridge KL Y-2 working place arangement

The working top deskf the stand of the pick-up unit and the chair of
the operator must not be made of metal to avoid disturbing the pick-up unit.
The operator should work without wrist-watchf ringsf etc.

The pick-up unit and the measuring unit are connected by a cable, in
the measuring unit, the cable should be connected to the lower twelve-pin

connector designated AA in Fig. 8.
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It is recommended to connect the terminal ST1 to an operational earth-

ing. However lit does not have protective function.

5.1.2 Shapes of speclmen, holders

In the KL Y-2.1 pick-up unlt cubic specimens wlth an edge of 20 mm
(8 cm3), cylindrical specimens ~ 25.4 x 22 mm ( 11.15 cm3) or crushed
speclmens in the 40 cm3 measurlng vessel can be measured.

The holder of cublc 5peclmen5 15 1Iiu5trated In Fig. lOa. The ho1der

of cylindrical 5pecimen5 with a cylindrical cap5ule 15 In Fig. 10 b. Thl5

holder con5i5t5 of two part5; the 5pecimen 15 In5erted in a cap5ule that i5 put

in the holder. The holder of cylindrlcal 5pecimen5 with a 5pherical cap5ule

15 similar I 5ee Fig. 10 c.

The holder of cyllndrlcal specimens with a cylindrlcal capsule as
shown In Fig. 10 b , Is universal. It can be used for measurement of speci-
mens wlth very low to very high SB -s. The shape and slze of the specimen
need not be too accurate. However, It is a disadvantage If the individual mea-
suring positions are not defined precisely. With the holder of spherical speci-
mens (Fig. 10 c) all positlons are precisely deflned; due to its high intrinsic
TBS the holder is suitable for speclmens wlth high SB (starting from the
3rd range, say). The dimensions of the specimen must be accurate. in parti-
cular the lenqth.

The KL Y-2.2 pick-up unlt Is deslgnated for measurement of cublc

specimens wlth an edge of 38 mm ( 54.87 cm3) I cylindrical specimens

~ 46 x 40 mm ( 66.48 cm3) and specimens In the measuring vessel with

the capaclty of 240 cm3.

The holders. the measurlng vessel and the calibratlon standard are
quite similar to those of the KL Y-2.1 .As an additlon. a holder of spherical
SDeclmens 50 mm in diam. ( 65.45 cm3) has been desiQned.
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Fig. 10. Accessories of the pick-up unit KL Y-2

a) cublc specimen holder

b) cylindrical specimen holder with cylindrical capsule

c) cylindrical specimen holder with spherical capsule

d) measuring vessel

e) calibration standard
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According to the customer's speclfication, holders of cubic and cy-

lindrical specimens of slightly different dimensions can be delivered. This

malnlv concerns the KL Y-2.2 unit.

Callbration standards5.1 .3

A standard of susceptibility is delivered with each pick-up unit.

The standard for the KL Y-2.1 pick-up unlt Is in Fig. 10 e; the stan-

dard fOr the KL Y-2.2 dlffers in dlmenslons only. In the bottom cyllndrlcal

part of the standard, there Is asmall ferromagnetlc partlcle.

On each standard there are written

a) the registratlon number

b) the nominal volume Vo
c) the number of the range for which the standard is designed

d) the nominal readinq of the display DA T A.

The reading DATA Is determlned by the reference bridge, previously

callbrated wlth the prjmary standard. A coll of preclsely defined dimensions
that is inserted into the measurlng coll of the bridge and is loaded wlth a sui-

table two-Dole of malnly inductive character, is used as the primary standard.

5.1.4 Measurlng ranges

The measurinq ranqes are glven in the followlng table :
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Full range

10-6 (SI)

Range factorRange No

10-6 (SI)

1

2

4

10

20

40

100

200

o.

0.

0.

0.

1

2

5

10

20

50

100

1

2

3

4

5

6

7

8

9

10

11

The ranges are switched over with the S1 RANGE SELECTOR

(Fig. 7). Each posltion of the selector is designated wlth the respective range

factor. The sequential number of the range Is also indicated by the display

RANGE.

Data measured by the digital voltmeter are indicated by the display

DATA with 3 1/2 digits, i.e. the value shown is within the range Oto

:t 1999.

The directional TSB of the specimen with the holder is calculated

according to equation

0-6

K is the range factor I X the reading of the display DATA .

A.A.

100
200
400
000
000
000
000
000
000
000
000

05

1

2
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INSTRUCTIONS FOR MEASUREMENT5.2

In this section we are referring to Fig. 7.

Switching on and off5.2.

It Is necessary to make sure that the voltage on the type label is the

same as that of the mains.

The bridge is switched on by setting the switch S (POWER) to the posi-

tion .The operating state is indicated by the green LED diode LD

on the panel. The bridge then transfers to the status WAIT (red LD1 ), or 10

the status READY (green LD2) .Also the displays RANGE and DATA light

up.

The bridge Is swltched off by setting the switch S (POWER) to the

positlon OFF .

5.2.2 Zerolng

The zeroing is manual and automatic. In manual zerolng the real compo-

nent of unbalance (corresponding to detunlng In the inductive component,

I.e. in SB) as well as the imaginary component (corresponding to detuning

in the resistive component). Automatic zerolng concerns the real component

only and wlthin the lowest 6 ranges it also includes automatic drift compen-

sation. The zeroing is performed with the specimen out of the bridge.

Manual zeroing must be performed after switching the bridge on and
repeated during the operation If I in the chosen measuring range, any of the
Indicators M1 RE and M2 IM shows a deflection exceeding 1 /2 of the sca-
le.
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Manual zeroing is performed in the status WAIT (red LD1 on'

ñ EADY (green LD2 on) .If the bridge is in the status HAL T (red --~I I

it is brought to WAIT/READY by pressing the button PB1 START/RESET.
If the bridge is in the status MEASURE (yellow LD3 on) I it enters the sta-

tus HAL T automatically. Then PB1 is pressed. .

The procedure is as follows ;

1. Check if needles of panel meters RE and IM are within the scale

rallge. If so, go to 3.

2. Turn RANGE SELECTOR clockwise until needles of RE and IM
.are wlthin the scale range.

3. Set zero on RE with the button on the pick-up unit, set zero on

IM with the potentiometer IM.

4. If the chosen range (i.e. the range in which we intend to measure)

is Identical with the range set, the zeroing is accomplished.

5. Turn the RANGE SELECTOR counter-clockwise and improve the

accuracy of zeroing unti I the chosen range is reached.
The zeroing is accomplished.

Note: As we sometimes do not know in advance in which range we shall mea-
sure, It may be useful to increase the accuracy of zeroing urltil the
first range is reached.

If the bridge is manually zeroed or if at least the needle deflections

on RE, IM are wlthln the to.lerance. automatic zeroing is going on in the

statuses WAIT, READY and HAL T .In the status WAIT, its course can be
observed on the display DATA .

Let us presume that after the operation with the bridge (zeroing, range
switchingt removal of the specimen at a wrong moment) the reading of the
display DATA is not zero and the bridge Is inthe status WAIT.The voltmeter
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measures repeatedly the residual unbalance that drops to zero in the lowest
6 rCIlges with one overshoot, in the other ranges aperiodically. After some
time the display reading drops to zero. With a delay of several seconds the
bridge converts to the status READY and Is ready for measurement.

It may occur that In the status READY the balance is dlsturbed due
to an outside effect. In such a case the bridge passes to the status WAIT .

However, wlthin a short time It reverts to the status READY.

5.2.3 Measurement of TSB of specimen with holder

The measurement of dlrectional TBS Is a basls for measuring the mean

SB and the anisotropy of SB (see 5.3 and 5.4 ). Of speclal Importance
is the selectlon of the measuring range (5.2.4).

The procedure of measurement :

1. Set'the bridge to the status WAIT or READY according to 5.2.2.

2. By turning RANGE SELECTOR set the chosen (corrected) measu-

ring range. If necessary, perform zeroing manually.

3. If the bridge Is In the status WAIT I walt untiJ it converts to the

status READY by automatic zeroing.

4. Press the button ST ART IRESET I the bridge enters the status
MEASURE. Insert the specimen into the pick-up coll as qulckly
as possibJe and remove hands from the pick-up unit.

5. Approx. 4 s after pressing ST ART IRESET an acoustic slgnai

sounds. Take the specimen out qulckly and remove hands.

6. After another 3 s the bridge enters the status HAL T .If blinking

1999 appears in the display DATA I the bridge is overloaded and
the measurement must be repeated in a higher range.
If the display does not flash, judge, according to the criteria in

5.2.4, whether the approprlate measuring range has been selected.
If SO, record the reading. Otherwise change the range.
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If the second or any subsequent measurement of the dlrectional
TSB of the same specimen is concerned, and the bridge is not

overloaded, record the readlng.

7. Press the button ST ART IRESET .The bridge enters the status

WAIT or dlrectly the status READY.

8. If the range need not be changed, continue from item 3. In the op-

posite case flnd the corrected range according to 5.2.4 and conti-

nue from 2.

Note In the status WAIT the button ST ART IRESET is disabled so that

the measurement cannot be started. Similarly, the push-button is di-

sabled in the status MEASURE .

The directional TSB of a specimen with holder is calculated according

to eq. (24) .

Measuring range selection5.2.4

This is a slightly complicated matter as there is a great number of
ranges, and each switching of the range selector means a loss of lO -20 s

before the bridge reaches the steady state again.

As mentioned in 4.4 and 4.5 I several directional TSB -s are mea-
sured on one specimen: to determine the mean SB usually 3 TSB -s, to
determine anisotropy 15 TSB -s. AII these directional TSB -s must be mea-
sured in one range. We try to find the lowest range in whlch the bridge wi II
not be overloaded by any of the directional TSB -s measured.

In order to be able to select the measuring range according to certain
rules. we shall assume that the values of the second and of any subsequent
directional TSB are 25 % higher at the most than the first TSB measured,
according to which the range is being selected. This assumption can be chan-
ged with respect to the degree of anisotropy of the particular material studied.

48



When measuring the mean SB we shall limit ourselves to the decadic
ranges only, i.e. ranges 2, 5, 8, 11 with correspondlng factors 0.1, 1, lO,
100 x 10-6.

By way of trlal the decadic range where the value X of the first TSB

measured is within 160 -1600. We can end in the first decadic range with-

out fu1filling this condition; we shall then measure in this range. Similarly,

we can end in the highest range without fulfilling the condition. If there is

no overload when the first directional TSB is measured, we can try to make
the whole measurement because it is likely that the overload will not occur

durlng measurements of further TSB -s .

When measuring the anisotropy of SB we make use of all ranges in
order not to lose the resolving power .

For the directional TSB we are seeking a range where X is roughly
within 640 -1600 and 800 -1600; for the ranges 4, 7, 10, and for
the remainlng ranges, respectlvely. Limitations in the lowest and in the hig-
hest range are analogous to the prevlous case.

To seek the range just by trial and error would be too tedlous in this

case. Therefore, we shall use a dlfferent way. Flrst we try to flnd the deca-

dic range where X Is wlthln 32 -1 ggg .(If we do not reach the value 32
even In the lowest decadic range, we shall measure in the first range). We

shall then correct the range according to the table :

Readlng X Range Correction

1600- 1999

800- 1599

320- 799

160- 319

+ 1

O

-1

-2
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Reading X Range Correctlon

-3
-4

80- 159

32- 79

Example: In the range 8 we have found that X. = 220. Therefore, we shall

measure 2 ranges lower, i .e. in the range 6 .

Measurement"of the TSB of the holder5.2.5

The TSB of the holder t?H Is measured In the same way as the dl-

rectional TSB of the speclmen with the holder descrlbed in 5.2.3. It Is

a certain simplification that the measurements are always made In the lowest

range. There are N measurements ( usually N= 5) made,for the given hol-

der. The arithmetic mean is taken for the result,

N

¿
i=1

1
~H = 0.05 -

N
(25) Xj

where X. Is the reading of the display DATA for the j-th measurement.
I

5.2.6 Callbratlon

It is essentlal to calibrate the bridge every day before beglnlng the

work. Besides, the instrument must be callbrated always when the pick-up

unlt is changed.
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For calibration we use the respective standard. We read the range
sequential number and the nominal reading XN on the display DA T A, see
sectioo 5.1.3 .We shall then zero the bridge, set the range R and measure the
directional TSB of the standard. If the indicated value X is higher (lower)
than the nominal value XN' we turn the potentiometer CALIBRATION coun-
ter-clockwise (clockwise) .We repeat the procedure several times until X
and XN coincide.

The Instrument should be callbrated at a temperature of approx

c.

Setting the phase conditions5.2.7

This is performed in longer time Intervals and always when the pick-up

unlt is changed.

In range 5 the bridge is accurately zeroed. With the knob IM set
about 1/2 of the f.s.d. of the meter IM. In connectlon wlth this the reading
of the meter RE may change. The meter RE is reset to zero by the potentio-
meter PHASE. The procedure is repeated several times.

tv of zeroCheck 'Jf the stabi

Errors in measurements of specimens with low SB I and thus also the

sensltlvlty, depend on the stability of zero. The stabillty Is influenced by

the noise of the instrument, the irregular thermal drift of colls, disturbing

magnetic fields, mechanical vlbrations. etc.

The stability of zero can be checked. We zero the bridge in the lowest
range and measure a "zero specimen !', i.e. we do not insert any specimen
in the measuring coil. The instability of zero is usually due to inconvenient
working conditions. On the other hand, the instability may indicate a defect

of the instrument.
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5.3 MEASUREMENT OF THE ANISOTROPY OF SUSCEPTIBILITY

Ta determine the anisatropy af SB means finding the tensar af SB I
a system af three principal SB -s and a system af the respective principal
directions.

For the measurement of the anisotropy of SB we choose the rotatable
pattern of 15 directions described in (1) .In this system the respective di-

rectional TSB -s are measured.

In measuring in the lowest ranges it is recommended to measure each
directional TSB twice and to calculate the average that is taken for the

result. If the difference of the two values for a certain TSB is too great,

the measurement should be repeated.

Now we shall show how the rotatable pattern mentioned is applied to
a cubic and to a cylindrical specimen. (As the measurement of a spherical
specimen is too special t it wi II not be described here).

Note that the system of directions is defined in the so-called specimen

coordinate system. the axes x1 .X2 and X3 of which are associated with
the characteristic directions in the geometrical shape of the specimen.

5.3.1 ~ Cubic specimen

The axes of the coordinate system are identical with the edges of the
specimen. The specimen is marked with a simple, a double, and a triple arrow
as illustrated in Fig. 11 .

The specimen is inserted in the holder so that it successively assumes
all the 15 positions shown in Fig. 12.
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Fig. Cubic specimen marking for anisotropy measurements

116

2 127

rn rn3 8 13

¡::: 4 149
~

5 1510

bd

Fig. 2. Implemenation of the rotatable pattern of
directions for a cubic specimen

5 measuring
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Cylindrical specimen5.3.2

The axis X1 is identical with the arrow on the base of the cyl inder t
the axis X2 is identical with the abscissa leading from the arrowt the axis

X3 is identical with the axis of the cylinder t see Figs. 13 a and 15 a.

The cylindral capsule is cut along the surface line. The specimen can
be pressed into the capsule. For correct orientation of the specimen with res-
pect to the capsule there are five signs at the edge of the capsule, see, e.g.,

Fig. 13 b .

In the first five measuring positions, the position of the capsule to-
wards the holder is fixed, the axis of the capsule is constantly horizontal.
I'n manipulating with the holder, the operator turns it with the capsule to
wards him as i Ilustrated in Fig. 14 (upper left) .He turns the speclmen to

positions 1 -5.

Fig. 13. a) Cvlindrlcal specimen marking for anisotropy measurement

b) Cylindrical specimen posltion in cylindrical capsule for
measuring positions 6 to 1 O

c) the same for measuring positions 11 to 15

In the second (third) five mpasuring positions the specimen is In a fix-
ed position towards the capsule as in Fig. 13 b ( 13 c ) .The operator turns

the holder towards him as illustrated in Fig. 14 (below left) .The capsule
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with the specimen is inserted into the holder so that the double (triple) arrow
on the protrusion of the capsule can be seen in positions 6 -1o (11 -15) .

0 6
11

0 122 7

G) 008 133

14

10 155

Implementation of the rotatable pattern of 15 measuring
positions for cylindrical specimen in the holder with

cylindrical capsule

Fig. 14.
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The measurement with the holder with the spherical capsule is slightly

simpler. Before the measurement the specimen is fixed in the capsule. the
capsule is screwed apart, a rubber inset is inserted into the lower part (wlth-

out the cut) and the specimen is placed on it with the marked s.¡de up. The

upper part of the capsule (with the cut) is fitted on. The arrow on the speci-

men must coincide with the line on the upper part of the capsule. The Ilne

perpendicular to the arrow must point to the cut. Wí.th his .thumb the operator

wi II fix the specimen in this position .through the cu.t, and sc~ew the lower

part of the capsule .tigh.t.

5.
-

a) Cylindrical specimen marking for anisotropy measurement

b) Cyllndrical specimen position in spherical capsule

Fig.

The specimen wi II successive1y assume the 15 positions marked in

Fig. 16. There are 6 pins protruding from the spherical capsule for fixing

the specimen in these positions. 3 of these pins (red, yellow and blue)

serve for identification.
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front pin

yellowred blue

6 111

122 7

83 13

9 144

155 10

Fig. 16. Implementation of the rotatable pattern of 15 measuring

positions for cylindrical specimen in the holder with sphe-

rical capsule

5.3.3 Processing

The result of the measurement are 15 directional TSB -s of the
specimen with the holder t?Di. After subtracting the TSB of the holder t?H
according to (23) and the correction for volume according to (19) we obtaln
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15 directional SB -s }(D. of the specimen itself. The tensor of SB is then
I -

determined according to (10) .Further we can calculate the principal SB s
and the principal directions as elgenvalues and eigenvectors of the matrix ~.

If the demagnetlzatlon effect cannot be neglected In the highest ran-
ges. we shall not calculate the tensor of susceptibillty !. but the tensor of
apparent susceptiblllty ! * .The tensor ~ can be deterrñined approximately

according to (21 ) .--

The processlng of the anisotropy measurements is descríbed in detai I

in the monograph (1) where also statlc tests, calculation of the so-called

anisotropy factors, statlstlc estlmates of preclsion of the results and trans-
formation between dlfferent coordinate systems are included. The demagnetl-

zation effect is not taken Into account.

In the monograph (1) the function of the computer program ANISO 10
written in FORTRAN IV language is explained. This program has been written
for complex processlng of data obtalned by measurements with the KL Y-1
bridge, the predecessor of the KL Y-2 .The listing of the ANISO 10 program
is given in (2) .For processing the data obtalned by measurlng with the
KL Y-2 a modlfied ANISO 11 program has been wrltten also in FORTRAN IV.

\

MEASUREMENT OF THE MEAN SUSCEPTIBILITY5.4

5.4.1 ndrical and spherical specimensCublc, cy

First we shall measure three directional TSB -s of the specimen with

the holder t1~1 I t1~2 t t1~3 in three mutually perpendicular directions. (With

cubic and cyllndrical specimens the directions may be those corresponding

to positions 3t 8t 13).

We shall now calculate the arithmetlc mean t?' and subtract the TSB
of the holder from it. In thls way we shall obtain the approxlmate mean TSBt?
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From thls value, In accordance with (19) , we shall calculate the mean SB

Yo
-

v

I?" =

where Va' as already mentioned, is the nominal volume of specirren
65 cm3) and Vis the actual volume of the specimen.

o or

If the demagnetization effect cannot be neglected ( range 9 -11
shall calculate the approxlmate mean SB

we

Va

v

x* =(27) I?

and hence the approximate value of the mean SB according to (22). However I

this procedure can only be used for specimens that are not highly anisotro-

pic.

Often it is sufficient to measure one directional SB only and to inter-
pret it as the mean SB affected by an error due to anisotropy. This simplified
procedure can only be applied if we have made sure in previous measurements
that the error due to the anisotropy of the rock considered is not too big.

Fragment specimens

We shall crush the specimen into fragments with which we fill the mea-

suring vessel. If there is no other possibility, only one fragment of a suf-

ficient size can be used.
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The mean SB must be so low that neither the demagnetization effect
of the fragments nor their mutual interaction need be considered. On this as-
sumption, the mean SB of the adapted specimen in the measuring vessel is
equal to the mean SB of the original specimeni however the adapted speci-
men is less anisotroDic.

If this is not true, an error appears in the measurement that we can
easi IV correct.

Now we shall measure the directional SB of the specimen in the mea-
suring vessel several times, and after each measurement we shall shake the
vessel and thus change the positions of the fragments inside. We shall calcu-
late the arithmetic mean of the obtained values t?~1' t?~2' ..., t?~n. We shall
then subtract the TSB of the specimen t? .The mean SB is then calculated
according to the equation

Vo So

m
,~x =

where Vo is t.he nominal volume, So the bulk density of the specimen, m the
mass of the specimen.

If the anisatrapy af the rack is law and/or the number af the fragments
in the measuring vessel is large enaugh, a single measurement will suffice.

A NOTE ON THE SENSITIVITY OF THE BRIDGE

We shall define the sensitivity of the bridge in the following way.
Let us measure the directional TSB of the specimen repeatedly. Let the
value of the measured quantity be very small so that the Ii,easurement can be
made in the lowest measuring range. By the sensitivity of the bridge we shall
understand the standard error of the measured directional TSB .
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If the volume of the measured specimen ;s equal to the nominal volume
Vo .the sensitivity ;s obviously equal to the standard error of the direct;onal

SB of the speclmen.

The sensitivity of the bridge has been verified by measuring a perspex
(methylacrylate) specimen. The voltmeter has been expanded by another, less
significant digit: quantization noise corresponding to the usual number of
digits has been included. A series of twenty measurements, repeated several
times, has enabled us to estimate the sensitivities of the KL Y-2.1 and
KL Y-2.2 units at 3 x 10-8 and 2 x 10-8, respectively. In the specifi-
cations we have intentionally given a "safer " value, i.e. 4 x 10-8.

If the anisotropy of SB of the specimen with a low TSB is measured,
the standard error of the dlrectlonal TSB may be a Ilttle higher than the
sensltlvlty. Here additional disturbing effects assoclated wlth turning the
specimen in the holder appear .

FINAL INFORMATION6

MAINTENANCE6.

In routine operation the instrument does not require special maintenan-
ce. The surface of the bridge should be dusted, as well as the inside of the
tubular inset of the pick-up coil. The holders should be cleaned.

6.2 SERVICING

It is fecommended to cal! our servicing engineers to make a!! repairs

and resettlng of the Instrument. Please contact the manufacturer :

Jecná 29 a, 612 46 Brno, CzechoslovakiaGeofyzika n.p. Brno,
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STORAGE ANO TRANSPORTATION6.3

The wrapped instrument can be stored and transported at a temperature
, from -25° C to + 55 ° C and relative humidity up to 80 %. In both cases

the instrument should be stored in suitable premises, free of dust and chemi-
cal evaporations.

WARRANTY6.4

A" information concernlng the period of guaranty 15 given in the certi-

ficate of warranty.

COMPLETE DELIVERY6.5

Measurlng unit KL Y-2.0

Standard pick-up unit KL Y-2.1

Unit for large s~ecimens KL Y-2.2 (optional)

Accessories

Mains cord

Interconnecting cable
Holders of specimens (according to the packing list}

Standards (according to the packing list}

Spare fuses
Instruction manual including diagrams
Packing list
Certificate of warranty
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