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IMPROVEMENTSTO THE MEASUREMENT OF
ANISOTROPY OF MAGNETIC SUSCEPTIBILITY (AMS) ON
A MINISEP SYSTEM

R. Siqueira
Lab. de Paleomagnetismo - Instituto Astrondmim e Gedfisico (IAG) -
Univ. de S&o Paulo (USP) - Brasi | (robertsq@usp. br)

Thiswork describes a series of effortsto increase the quality and
productivity of the anisotropy of magnetic susceptibility (AMS)
measuring process The basic ideawas to providereal-time
visualization of both AMS and its asociated naise, simultaneoudy
freeing the user as much as posside from measurement details.

The MINISEP system measuresthe AMS of arock sample by:
taking its bulk (z-axis) susceptibility, measuring susceptibility
variations in 3 orthogonal planes and applying Fourie filtering,
principal component analysis and field carections to thesedata to
finally print out the reaults.

The following mechanisms were added to thi s process: (1) direct
computer acaess to the MINISEP signals through a parallel board; (2)
noise calculatian; (3) immediate graphical presentation of the results
(4) adatabank structureto keep pre- (field corrections, bulk
measurements) and pos-AM S measurement information; (5)
interactive sitelevel averaging.

The software in use since 1997 at IAG’ s paleamagnetism lab was
written in QuickBASIC and its successful philosgphy is now being
extended to aur other measuring sysems. A Windows version is alo
under development.

128 measurements per rotation,

in their respective angular positions,
compose this 8-shaped image (the
center refers to the local minimum).

Partial results per position.
Note the error indications:
they define dynamically the
number of repetitions.

The empty holder is
taken into account. A
calibrating measurement
adjusts automatically the
sensor's amplitude and
phase.

Measuring AMS: Key Features

Belt-and-button representation.
(belt = MAX-MED plan;
button = MAX direction)

Belt width and button size
indicate the error.

The system "asks' for attenuation
by itself. Calibration value changes
according to the sample length.

both dark = 3-axial.

Colecao: /DB AMOSTRAS DO ESTADO DE RORAIMA.
Medindo:/ ANISOTROF IA Sitio: 814
3Z28-Bll=mal
328-Cil=mal
328-Dilsmal
329-Allsmal
=329-Bils.a1—
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Atenuador= 1
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Sinal e Fourier
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Amostra de cilindro
Azm=316 Lav.=MRN
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Press the highlighted key, or Use these keysto
<ENTER> for the position move between sites
marked "*". Quickier and (all sites are saved
cleaner than with amouse. on the samefile).

8.87 » ——— /
(Wolta (F)im \
An easy way to represent
the relationship between
anisotropy axes (MED is
movable) and the total

anisotropy.

Small black-and-white symbols are old
measurements (errors are not saved).
Dark button + light belt = prolate;

light button + dark belt = oblate;

A pre-selection
process attach
a"*" tothe
samplesyou
will measure.
[sma] means:
susceptibility,
magnetization
and anisotropy
aready onfile,
respectively.

Data bank infor-
mation about the
sample marked ">"
(the correspondent
plot blinks on the
equal-area diagram).



The Molspin MINISEP System

GENERAL CHARACTERISTICS:

The M INI SEP workswith 25 cm cylindrical rock samples. The physical principleinvolvedisthe
difference between coil inductances. With 2 in-line coils attached it measures susceptibility (BULK
configuration) and with the 2 orthogonal ones, anisotropy (AMS configuration).

A spinning/Four ier-filtering strategy isused to improve AMS senstivity. Even with it, BULK and
AMS sensitivities stay around 0.1 uG/Oe (cgs units), what is just enough to measure the weak
susceptibility of sedimentary rocks (but not their anisotropy).

The system can operate either on manual mode or remotely, through an RS232C interface.
Cdlibration can also be manual (adjusting the gain) or by software (measuring a calibration sample

and computing the multiplying factor). Attenuation, however, is possible only manudly. < > Bulk Coils

Attenuation and
Manual control buttons. They gain controls.
command the inner processor to:
(1) select between BULK or AMS mode;
(2) start aLONG or SHORT spin cycle;
(3) show the results on the in-build LCD.

AMS orthogonal pair of

This configuration detects
variations of susceptibility
along the plane of rotation.

BULK in-line
pair of cails.
The sample
enters only into
the first coail.

Circuit box. It can be
divided in 2 sub-systems:

Cabling and the Remote computer. Using the (1) Detector + Analog-to-
power suply are RS232C interface, it can: Digital converter;
not shown on this (1) command the processor (2) Processor + RS232C

picture. to do a measurement cycle; interface.
(2) receive the results for
processing and printing.

coils + sample spinning system.

N
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(1) Direct Access To The MINISEP Signals

It was adapted a technique used by Molspin in another of their apparatuses, the MINISPIN
magnetometer: deactivating the inner processor and using a paralel interface (PIO-48 card) to
connect directly the computer to the A-to-D converter and motor signals.

Before: After:
Computer
Computer _: + Pl 8—48
vl

Detector RS232C Detector [RSI!’QCJ

A-to-D A-to-D N
Converter| = —» | processor Converter|—p = {Pror,essor}

Motor < <+ Motor < <~

Although forbidding theuseof thesysteminm anual mode, this change wasn ecessary because
part of the original processis*hi dden” insidetheinner processor (dataco llection, Fourier filtering),
what preventsany further processing (plotting, statistical treatment) of the original (raw) data.

set & calibrate BULK

)

measure empty

¥

measure full

!

print out BULK

repeat spin & filtering for
2 other orthogonal positions

Fourier filtering (find
local MAX & MIN)

|

LONG or SHORT spin
(collect 128 values/cycle)

in AMS configuration
(Done by the Processor)

‘in BULK configuration‘

(= full - empty)

B set & calibrate AMS

Standard Measuring Chain:

————— & add BULK data

in AMS configuration
(Done by the Computer)

principal component analysis
(find global MAX & MIN)

make field corrections

print out AMS
END

BULK Configuration:

S b -1 0 41 10w T
| | N O O |

Sinal=.57 Ruido=22.681

moving "neddle" interactive values

Characteristics:
- Continuous display of both susceptibility and its noise (hundreds of values can be collected and
have their average and standard deviation calculated and printed in 1/10 of a second).

Unexpected discoveries:
- Changing the attenuation aso changes the zero level (something to be taken into account);
- It's easy to visuaize how big are the drifts caused by moving the coils or the objects around them
(now the BULK coils are firmly attached to the table);
- It is not necessary to take an empty measurement for every sample when dealing with strong
samples (this really speeds up things!).

AMS Configuration:

Sinal e Fourier

— ‘/\. center = minimum level
-

L

unfiltered — [ 1———small circle = sensor's limit
A~ of sensitivity

Pos. Amplitude Fase

1: 24.19 + @.69 79.81 + B.86
Z: 3753 +08.36 99.19 + 8.79
3: 14.33 + 0.44 100.30 + Z.74

interactive values

Characteristics:
- Now the sample holder can be measured and suliracted (individually for each position);
- Dynamic selection of the number of rotations, depending on sigral-to-noise ratio (before, the
choice was only between a SHORT or aLONG spin);
- Each plane can be measured on the best attenuation level;
- Smultaneous display of filtered and unfiltered sgnds;
- Error parameters can be computed.
Unexpected discoveries:
- The spin vilration generates noise on the orthogonal coils (now a rubber layer insulates them);
- The best noise indicator is the 8-shaped diagramitself.



(2)

(Z-axig BULK Deter mination:
M

Keuk = k; = M/H,
H,
Bulk susceptibility, in our system, is proportional tothe change
in coil inductance (L): ksuLk = C* (Luwith sanple - Lempty)-
(The constant C is dbtained measuring a calibration sample.)

Noise Calculation

Associated Error:

Having a set of repeat ed measur ements of the same L value, it
is possible to oltain an approximation for its eror calculating the
standard deviation (s) for the s&t. Then it is enough to propagate
it to keuLk using simple error algelra. Please note that:

- The equivalent to the angular ags is 2*s, but we are using 1*s;
- By error algebra, even when: DL = Lyjith sanple - Lempty We have:
err(DL) = aT(Lwith saple) + € (Lempty)-

Fourier Analysisof 1 Spin:

Spinning at a frequency f, each rotation affords 128 new
directional measurements, correspanding to 128 susceptibility

variations to an arbitrary hias. )
in polar
[\/\/ //’x;,%coordinates
arbitrary bias < ’é>

These measurements are treated as 128 samples (or better:
2*64 samples) of asinusoid of frequency 2*f, the anisotropy
signal. The 2 Fourier components: Cyqq and Ceen Of this signal
are then obtained canvoluting (i.e. integrating together) these
sampl es respectively with a unitary sine and a unitary assine
having the same frequency 2*f.

For a given spin plane, the amplitude (a) and phase (f) of the

locd MAX can be calcul ated by:
N 2
Cox
a=/Coa * Clven ; Ceven

g = atan (Cogd/ Ceven); T = g/2 (due to 2*f-to-f frequency change)

Associated Error:

If the spin is canposed eg. by 40full rotations, aur universe of
samples has 80 (periods) * 64 (samples per period) elements.

There are 3 possille strategies toobtain the errors:

(1) to calaulate 64 standard deviations, adopting the average of
them as the noise level;

(2) to calaulate 80 pairs of Fourier components, finding the
stand. dev. for each component. Amplitude and phase errors:

err(Coqa) </
err(q)

N\

N

err(a) = \/err(codd)2 + err(ceven)2 ; ;oo\
err(q) = atan (err(a)/a); err(f) = 2*err(q) em(d  err(Ceven)
(3) to use a hybrid of the former 2, averaging groups of 5 or 10
rotations each (asin 1) and usng these partial averagesto obtain

the Fourier pairs (asin 2).

Strategy 2 isthe implemented strategy, but grategy 3 seems
better far very weak samples, when only onespin istoo nasy to
be significative.

AMS Tensor Determination:

Supposethe tensor given by the simmeric matrix:

(,kaxx I(xy kng K— i

=2 ky Kk 3

“Te Ky o .
8 K, . TR xy plane

Then: ky, = kgL, Straight. ‘ (e.g)
The other elements can be calculated almost as directly from
the Fourier canponents of the 3 orthogonal spins:

xy-plane Sp:n => Cogg = kxy; Ceven = Kyx - kyy
yz-plane Spll’] => Coga = kyz; Ceven = kyy - kz,
zx-plane spin => Cogg = Kzx; Ceven = Kzz - K

Associated Error:

Asfar aswe are satisfied in attaching 1 error to each matrix
element as if they were independent scalars, it is not even
necessary to calculate the amplitude and phase errors (they are
only calaulated to be displayed) as are the errors from the Fourier
components that are used here:

K, = KauLk => err(kz) = err(ksurk);
Kyy = Codd xy => err(kyy) = err(Codaxy);
kyy =Kz - Cevenyz => e”(kyy) = err(kz) + err(Ce"e“VZ) etc.

Note that avading using phase on the calaulations also frees us
from using the more complicateangular (Fischer) statistics

Principal Component Analysis

Calculating the eigenvectors and eigenvalues o tensor K gives
the global MAX, MED and MIN diredions (vedors) and sizes
(values). (MED is used instead of INT toavoid canfusion with
INTensity.) The problem isstated by the expression: K v =k v,
where we have to find the vectors v (MAX, MED and MI N) that
don’t change in direction when multiplied by the tensor K. Note
that these vedors are allowed to change in size the scalar
multiplying fadors k are the eigenvalues.

Altough not linear, the process is always possible for simmetric
matrices (our case) and can be deerministically implenented
through the solution o a cubicequation. (The old MINISEP
software used a dower numerical conver gence technique.)

Associated Error:

If we represent the tensor MAX
by a closed surface, our planar
measurements (spins) can be cutting
seen as“cuts’ onit. planes

To have an idea dof the errors around, say, the MAX axis, it is
enough to obtain the phase error for a series of concurrent “cuts’
over the MAX. It is more or | ess the i nverse pr ocess done on the
previous step, where error s from “cuts” are used to find the errors
for the total tensor. Although not so straighforward as before,
this can be acoomplished using (again) Fourier companents.

Obviausly, the eror around the MAX-MED planeisjust a
mirror of theerror around the MIN axis.



(3) Graphical Presentation

Susceptibility vs.

temperature curve.
Standard X vs. Y

curve, but implies
adata bank structure
(to be able to access
past measurements).

|

Respectively: empty,

calibration and z-axis

measure positions.

"8-shaped" diagram.
The sinusoidal AMS

Measuring BULK:

"Onion-ring" map of
susceptibilities.

Ring elements:

Center = coordinates,
from the data bank.
Radius = susceptibility.
Thickness = intra-site
suscept. variation.

Uses the same log-
arithmic convention
of the display below
to definering radius.
Negative values

are plotted in red.

100

1000

10000

Real-time susceptibility display.

(Uses amodified logarithmic
scaleto alow negative values.)

signal isplotted in
polar coordinates, so
we can simultaneously
visualize its amplitude,
phase and noise.

Thisisarea-time
display. It isvery
interesting to

see how weak
signals "converge
to the 8" asdata

MeasuringAM S

collection proceeds.

Depicting spin positions
directly on-screen eliminates
the need of spare instruction

shests.

Note how the measurements
"leave their mark" on the dial.

Equal-area totalization
diagram. Thanks to faster
principal component
analysis, no delay is
sensible between the end
of a 3-pos. measurement
and plot update.

"Belt-and-button"
representation. I nstead
of showing MAX, MED
and MIN directions, it
only represents the
MAX-MED plane (belt)
and the MAX direction
(button).

Prolate-oblate
relationship is color-
coded. Prolate
samples have their
belt grey and their
button black (old data)
or cyan (new); for
oblate samples the
reverse occurs.



A

As can be seen on the Old Way flowchart, all generated information was kept in field books, loose
sheets of paper, paper diagrams etc. When this information was needed again, it had to be retyped,
causing delays and increasirg the probability of mistakes. Worse: user’s focus was driven away from
the results themselves to the bureaucracy used in obtaining them.

Far from being exclusive to the MINISEP, this problem was present in all levels of our
Paleomagnetism laboratory work. T heoretically, the solution was smple: to unify everything on a
single environment (seethe flowchart). Against this simplicity, however, there was a
variety of media, philosophies, platforms, languages and measuring units.

After an intermediate step, when each particular data format was converted to the unified format
by conversion programs, we finally arrived at the present (unified) situation. For the MINISEP, the
present stage comprehends 3 QuickBASIC programs:

- ENTRAR.EXE: dedicated editor, used (mainly) for entering field data;
- MINISEP.EXE: pre-selection and measurement in either BULK or AMS configuration;
- MED-ANI.EXE: AMS averages calculation (per site).

Insertion point ENTRAR.EXE: The program computes
for sample AO. all magnetic and solar
compass parameters.
Lahoratorio de Paleomagnetisme - Entrada de
"SIT" 814 9ﬁ9 95 4,35,42,5 -60,9,51.9 -13.6,25.9
nCILY "3aght 443 9,18 262 250.1,548.4 58
y "AMO™ "A1" 2.2 10,4 "MINISEP" "ﬁOLSPIN",249 98 "MINISEP",249,58
"ANI" "cOMI" 231.8,9.5,2262.287 66.8,3@.2,21?6.??3 322.2,2.9,2109.255
ngljgn uMRNY 2539 .04
STAU 18 Sk 98157 3 41 482
“LAU" "SHT" 303.1,31.3 3,866 Data hierarchy is given by
"LAY™ "7.9MT" 154,37.1 0.831 line order (e.g. sample Al
"LAU" "10MT" 2@@.5,5.6 1,738 belongs to cylinder 3B28A).
"Layr © " 189.3,40.2 1.466
"LAY" “"2OMI" 181.6,-7.4 2.336
"LAY v " 2,12.3 2,308
"LAy" " " .3,21.4 1,798
"LAU" "40MT" 151.8,-9.4 Z.8D1
—pmm———— FE—— N pmmmme- fmmmmmm e fmmmmm- pmmmme- fmmmme -
i colect Sitiol Bloco, CiliniXAmost! sllsc, Magn, aMNisoi Obseri Deleti Fim |
Y P— i P —— Y — fmmmmmmmmmmmm e P — S P -
(Suscetib) ¢ Magnetizacao ) ( | Anisotropia )
, Dip) (Medidor, Aziw, Dip) (0}:@

(Amostra) (Tamanho) (Medidor )} (Medidor,
11 2.2

\

Even old (paper)
measurements
can be entered.

Samples are entered as
they are being prepared.

Data Bank Sructure

The unified structure allows, among other things, the pre-selection of only the samples you will
really measure. During measurement, the program moves automatically to the next selected sample,
as soon as the preceding one is finished (eliminating thus the endless retyping of sanple names).

MINISEP.EXE (Pre-selection):

Horizontal arrow

keys change site.
Colecao: DB AMOSIRAS DO ESTHD?)\DE RORAIMA ., . .
Sitio 811 Bitio 812 ¥ Sitio 814 Sitio 817 Sitio 819
328-A1lsmal
328-Bllsmal
328-Cllsmal
328-D1lsmal
329-Allsmal
:g% -B s..%
A small change “Lllsh,
in tabulation is an :ggq:g g%
aidtovisualizg ¥329-F Sllll:]
sample grouping. * 330-A1lcm,]
* 330-Bilsm,] .
% 330-Cllsm.] Vertical arrow
¥ %g%- Es. } keys & <ENTER>
* 330-Ells.,
» 130-Fils..] pre-select.
[smal significa suscetikilidade, magnetizacao, anisotropia (ja' medidas),
Para selecionar, mude as marcas {%) usando {ENTER) e as teclas de flechas,

Medir: (Suscetihilidade Medir: (Adnisotropia (Flin

"S" Starts measuring BULK. "A" Starts measuring AMS,

A unexpected consequence of having all information together: AF degaussing (indicated by the
“m” in“[sma]”) was observed to affect the AM Ss measured from a particular group of samples: the
strong-but-low-arisotropic ones.

Tests done with isothermal remanent megnetization (IRM) show that inducing magnetization on
this kind of sanples affects still more their anisotropy, and in a predictable way. More studies are
being done to find out whether thisis areal effect or is a measuremert artifact, associated to the
physical principle used by the MINISEP system (coil inductance).



(5) Site-L evel Average

The main objective hereis to work, as much

as possible, graphically throughout the MED-ANI.EXE:

process. It isinteresting to note that Boththesamplesandthe
calculating the best representative for a series Horizontal arrows averageusebel t-and-button

of measurements or the average for a group of changethedisplayedsite. representation(butonlythe
samples is mathematically equivalent. averagehasitserrorsdisplayed).

Asin the AMS measuring program, the

diagram of choice was an equal-area MEDIAS DE ANISOTROFIA - COLECAO DB

<<PgDbn> 814< 817 8619 8280 825 826 827 828 <End>

projection of the lower (positive) hemisphere, 328-C1Lsmal#=
in which the scattering “size” rather than the 328-D1ilsmal
scattering “shape” is more accurately ggg:gﬂgmﬂ
displayed. Also, belt-and-button 329-C1lsmalx
representation is used instead of 3-different- ) 329-Dlls.al=
shapes-for-3-different-axes representation. Vertical arrows 329-Eils.al
This has several reasons: scrollalongthe 3z3-Filsmalx
) samplelistto 330-A1[sma =<
- The diagram gets less cluttered; symbols can definetheactive — 338-Bilemalx
be smaller; error indicators can be displayed; ("<")sample(the 330-C1lsmal=
- The prolate-oblate relationship is easily onethatblinks 330-D1ls.alx
recognizable (dark belts = oblate; dark onthediagram). 330-Eils.alx
buttons = prolate); fimostra e.ltual: Decl. Incl.
- The final average (represented only by its MaxX: 1425.71 222.6 22.5 I e
errors) don’t need special symbolism. :f;ﬂ iggg -gé 332 -g 3; ?
Intheexamplegivenhere, the330iesare HAR— i e - i1
thetight-groupedset of prolatesamplesonthe '
lowerleft. The328iesand329i esaremore sMedia atual: Decl. Incl.
scattered(somehadtobeunsel ected) and Onlyselected MAX: 1526.41 231.3  28.2
moreoblate-like.Nonethel ess, theyall ("*")samples _— :ﬁ ﬁg; '23 ;gg '3 gg 'g
averagewel | togethertogivethedikeplane contributeto HAK-——— ' MED—— —1——_MIN
forthissite(cyanbelt; pole=337.4,27.3). theaverage. N 2.85 % ——. y

<Up>,<Dn> <ENTER> <{L>etra <N>umero <{T>udo/(de-)seleciona \ <{G>rava media <F>im

TheX-shapedstructure(actually2crossing
bars)isanattempttoshowthedirectionality

of errorscausedbyfieldcorrection(the Smalldots

. Therearemany optionsto
shorterleg) andsamplemarking(thelonger). select/unsel eésf\’mm es. X-shaped(butterfly?) L%p;l%néd
AninterestingconclusionfromtheX-bars: <ENTER>isfortheactiveone. representationoffield samples.

correctionandlaboratory

todrill fromoutcrop“walls’ insteadof markingdirectional errors.

directlyfromthegroundmakesthese
directional errorsmoreevenlydistributed.



Measuring AMS. The Old Way

Field trip

\4

[[— =%

Sample names and
sizes annotated Samples prepared
> 0
]
Field data Field corrections
processed printed
Sampl e nam&s
typed - 0
Samples measured BULK results
(BULK configuration) printed

Smpenames S
retyped — BULK results
typed

Samples measured
(AMSconflguratlon) Fi el d corrections

AI_\/ItSeélets w typed

prin

[N o ,
—& -/
] 0

AMS results
typed AMS averaged Averages

AMS results Averages printed hand- pI otted
hand-pl otted




Measuring AMS. The New Way

Field trip

Field data entered
and processed

4

)

Samples measured
o (BULK configuration)
0
Unified
datafile

/

Samples measured
(AMS configuration)

Y
a —

AMS averaged

v
=

o

Rea-time BULK
+ error visualized

H

Red-timeAMS
+ error visualized

o

Real-time averages
+ error visualized




Previous
information (4)

\\\\\\\\\\\

Susceptibility vs.
temperature (3)

Previous

BULK M easurement Screenshot

Colecao: DB AMOSTRAS DO ESTADO DE RORAIMA.

Medindo: SUSCETIBILIDADE

Atenuador= 100

Calibh.= 88

Fator de calib.= .BA559
Comprim. (amostral= 2.2

Curva de Suscetihilidade

F__Fﬁ&ﬁﬂﬁf?ﬂ%ﬁﬁmﬁw

Amostra de cilindro

information (4N Etapa ant.=788C

’
///Ua[E]iu (é]alih. =(M)edir |(E)tapa=MRN

Optional zeroing (1)

sSusc. ant.=1922.58

-

Mapa de Suscetibilidades Inicias

New measurements (3)

Sitio: 814
F25-Cllsmal
325-Fllsmal

Already onfile:
[s]usceptibility,

325-G1lsmal [ riantropy ()

326—All=mal
326-Bllsmal
326-Cll=.al
326-D1l=mal
326-Ell=mal
326-Fll=.al
3Z7-Bllsmal
#* F328-A1l=m.1]
»= 328-Bll=m.1
#* 328-C1ll=m.1
= 328-D1l=m.1
#*329-A1l=m.
=*329-B1L
=*329-Cll=m.
=*329-D1L[
=329-E1[=.
#*329-F1[=m.
= 330-A1l=m.1]
#* 33A-B1l=m.1]

- -
" " "
[ I I R ey

Old measurements (4)

* 330-C1l=m.1 |

Logn

Lodong

Sinal=.57

Ruido=xZ.681

S~

Immediate signals (1)

(Flin

A "*" indicates
pre-selection (4)

| +—_ "Logarithmic"

dial (1)

\ Noise indication (2)



AMS M easurement Screenshot

Colecao: DB AMOSTRAS DO ESTADO DE ROBRAIMA. Old measurements (3)

Medindo: ANISOTROPIA Sitio: 814
T I 328-Bllsmal
S L, 328-Cll=mal

Atenuador= 1
3Z28-D1lsmal

Calih.= 123
Fator de calih.= 1.3275 329-Al1lsnal

Comprim. (amostiral= 2.2 =*329-B1ls.21
Spin Error *x329-Cllsm=1 | Newmeasure
signals (1) Sinal e Fourier visualization (2) i x329-D1ls.:] ments (3)
x329-E1ls.] /
BN x329-F1lsn 1
#* 330-Allsmal
) # 330-Bllsma]
e . % 330-Cllsma] | Adive(>)
= w > 338-D1ls.21— pinksonthe’
= 330-El1l=..1 equal-area
‘/JJ x 338-F1ls..]  9@n@
Immediate .
plotting (3) e e Amostra de cilindro
_ b B P HgszlE Lav.=MEN ~—_ Previous
Pos. nAmplitude Fase . o Dip= 38 SusZ= 1463.9 information (4)
Partial resuits 1: 24.19 =+ 8.69 79.81 + 8. o A
& respective ——— &:  37.53 £ B8.36 99.19 = B, o my e Suscet. Decl. Incl.
errors (2) 3: 14.33 + 8.44 188.30 *+ MAX: 1581.51 222.77 14.63
-7 MED: 1476.68 119.838 4Z.19
MIN: 1462.77 327.46 44.15
F ! MAaX i i—-MED—{——— MIN Measurement
i N .87 % ——— ’ results (4

///Gaizliu (Clalib. Pos.(1)

Pos.(2) =Pos.(3) (PIrox. (Volta (Flim

e

Empty holder subtraction (1) New measurements (3) Move between sites (4)



Future Developments

The philosophy expands to other appar atuses and languages.
Depicted below is a screenshot from the new VSM (Vibrating Sample Magnetometer) controlling

program, written in Visua Badc for Windows.

Yes, it isin English! But it isnot working properly (yet) and has some key characteristics (like
error calculation) absent. Our aim isto propagate error s from each pair of measurements: H x M up
to the final Hc, Hcr etc parameters.

In any case, running it already makes the VSM to play a nice music -- while it selects the best
frequency to operate (the software is executable in machines of different speeds without alteration).

TousetheVSM:

First, you select your
sample from alist
(among them, 2 special
ones. emptyholder and
calibsample, are always
present).

Second, you set
the maximum field
H to be applied.

Finaly, you choose

your loop preferences

and press START.
(Remanence = M with H off;
Hysteresis= M with H on).

Real-time indication
of H& M values.

File Edit Help

¥ibrating Sample Magnetometer

Y
-

Sample, Mass [g]

Hmax [mT])

Applied Field [H] x Acquired Magnetization [M]

DBE115-B1..648q

@® H=Hmax ® H=-/+Hmax

DEBE115-B1..648 IEI 1000 !I

£ Remanence
[ Start at: " Rewert/Stop at: ]
H=0 ) M=0

&< Hysteresis Loop

Start at: — | [ Revert/Stop at: ]
3 H=0 i M=0
@ H=Hmax ® H=-/+Hmax

EJ'Subtract Para[Dia)magnetism

—

| START | | STOP |
 Loop Status
HimT) x M [pA.m?/g)
| | | | Her [mT]=230.33
He [mT]=14.97
HerHe (%) = 49.36
Attenuator brs [ nfdg) = 24819
@1 M ipd.rrAg) = 128871
10 Mrs/Ms (%) = 19.26
kpara [mredg) = 16.69
8 :ggl] kferr [mmedg) = 2083.32
\ kparaskfen [Z]= .8
\
i \\
" ' Automatically calculated
The system "asks The diagram is drawn

for attenuation when
needed, and the vibration
noise can be monitored
through an "osciloscope”.

as the loop proceeds.
Note that things like scale,
units and error bars are
missing. But don't forget:
thisis an unfinished job!

parameters. Hcr comes

from Remanence; all the
rest from Hysteresis. The
last 3 depend on subtract-
ing Para(Dia)magnetism.



ADDING NOISE VISUALIZATION AND OTHER INTERFACE IMPROVEMENTSTO THE
MEASUREMENT OF ANISOTROPY OF MAGNETIC SUSCEPTIBILITY (AMS) ON A MINISEP SYSTEM

R. Siqueira (robertsg@usp.br)
Lab. de Paleomagnetismo - Instituto Astrondmico e Geofisico (IAG) - Univ. de Sao Paulo (USP) - Brasil

Measuring BULK Screenshot

Colecao: DB _AMOSTRAS DO ESTADO DE RORAIMA.

edindo: SUSCETIBILIDAD. Sitio: 814
Characteristic Screen Zones Mapa de Suscetibilidades]picias 325-C1lsmal
tenuador= 108 -. 325-F1lsmal
alib.= 88 i ) 325-G1[=smal
ator de calib.= .8559
onprimn. (amostral= 2.2
Data Bank
Structure Curva de Suscetibilidade
P
Equipment
Configuration
* 328-D1l=m.]
Partial Results O ( ) =329-A1l:m.]
: =329-B1[=..1
(Graphics & Text) 379 C1len 1
. *329-D1[=..1
. . finostra de cilindro O ! : *329-E1[=..1
Totalization tapa ant.-708C _ x329-F1l<n.]
(Graphics & Text) usc. ant.=1922.58
-
Commands & W w ey
. |
Instructions
ValZ)io (Clalib. =(Mledir _(E)tapa=MEN Sinal=.57 Ruido=+Z.681 (FJlim
Measuring AM S Screenshot
Colecao: DB_AMOSTRAS DO ESTADO DE RORAINA.
edindo: Sitio: 814
T - 328-B1lsmal
VSM Screenshot htenuador= 1 328 Cilsmal
H Calib.= 123 328-D1L 1
(for Compar I son) F:tl;r de calib.= 1.3275 329—ﬂ1[8§:?
EumErim.(amustra)= 2.2 =329-Bll=.al
#329-Cllsmal
Sinal e Fourier *329-D1ls.al
#329-El[s.a1

*329-F1[smal

= 338-Allsma]
* 338-Bllsmal
= 338-Cilsmal]
= 338-Dils.

= 338-Ell=..]
* 338-Fils..]

stra de cilindro
m=316 Lav.=MRN
/ Dip=_38 Susz=_1463 .0
Suscet. Decl. Incl.
:1581.51 Z222.77 14.63

t 1476.68  119.88 42.19
t1462.77 327.46 44.15

'd_jﬂ MAX———— P————— {-MED- { ———-| MIN
| | | | - — I N 8.87 # ————— /

Va(Z)io (Clalih. Pos.(1) Pos.(2) =FPos.(3) (Plrox. (Ulolta (F]inl

Auarmin L
it

i
o

.r \ i

—

Pos. fAmplitude Fase
1: 24.19 + .69 79.81

2 37.53 £+ 0.36 99.19 +
3 14 33 + A 44 1AR_3A_+

Bl Preaunnnsanaiin
sieAT || sToR
1 np kAl
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