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Ratipat Yamyim 2012: Design and Construction of Resonance Vibrating Sample
Magnetometer. Master of Science (Metrology), Major Field: Metrology, Department of

Physics. Thesis Advisor: Assistant Professor Pongsakorn Jantaratana, Ph.D. 98 pages.

In this thesis, the resonance vibrating sample magnetometer (RVSM) was designed and
constructed for measuring magnetic properties of low-magnetic materials. The magnetometer
system consists of a vibration unit, a pair of similar sensing coils, a gauss meter and an
electromagnet. The material under test was attached to sample holder connected to the vibration
unit and vibrated with the resonance frequency of 35.9 Hz. The vibration unit with sample and
sensing coils was then subjected to the external magnetic field generated by the electromagnet.
The induced voltage from the pair of sensing coils was measured by a lock-in amplifier and
converted to the magnetic moment of the material. The performance of the R-VSM was tested
by measuring hysteresis loop of three differences magnetic materials. The obtained results were
compared with those of the vibrating sample magnetometer (VSM). The performance of
constructed R-VSM is quite well and can be used as a tool to characterize magnetic properties

of low-magnetic materials.

Student’s signature Thesis Advisor’s signature
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R1R3—RyR4

- (R1+R2)(R3+R4) . (45)

i a ¢ 7 o ¥
ievusadaugad E = 0 431U R;R; = RyR,

Tuvaigndannuason anudumuiihwes Ry, Ry, Rs uaz R, wlasuuilau u
R, + ARy, R, + AR,, Ry + AR; waz R, + AR, l¥inamslasuuasvesanuaisdn §
ma'lWih (AE) Fesamnsasiuaaldan

R1+AR1 Ry+AR>
R4+AR4 R3+AR3

AE = m5arR, ¥R, 0 v (46)
0 R3+AR3+R4+AR4
A
150
A
AE = ¥ |74 47)
Tasmmualid
— (AR _ ARz , AR &) .
A= (R1 2+ T2 — T RyRs (48)
B = R1R3(R1+R2)2 (49)
RiR,
NIVETY
— PRy .(ﬂ_& &_ﬂ).
VoS (R1+R2)? \ Ry Ry + R3 Ry v (50)
—_T . (AR1_AR; ARz ﬂ) )
AE = (1+7)? (R1 R, + R3 R4 4 (51)
Tasmviualid

r = RZ/Rl (52)



34

) v <
itz inamaivan

szvunien s ludegiud 3 szuudienu 1dun 52U gaussian 130 CGS Az
A dy o [ = A
520U MKS 130 SI uenantszuy SI dawtiailudndoagiuuy Ao Sl-sommerfeld tag SI-
I 1 ] 3 I ] { o
kennelly 520U SI Wuszuvildviannyuluil a . 1960 Tae STdludnmiien ldsums
Y] o { o ] I . - . . .
gousuld e lumsianeInuulwianlae the international union for pure and applied physics
% g’/ 1 dy Y o Y [] ﬂjdl = A [] <3 [
(IUPAP) iaaniniuniinell laaess gnihunlslunjvesdnaulafnyisouniman aea1sg

ni

d‘ 1 A A 9 [ [ A (] <
MINN 1 NUIWWNNYIVDINUNITIATUUANINLLUINAN

o~ A SI SI EMU
IEIL anyol
(sommerfeld) (kennellly) (gaussian)
TNNIREN H A/m A/m Oersteds (O¢)
d’ o
MIHULITING
' B T T gauss (G)
<
Haan
anuiuiman M A/m - emu/g
ANUTNVDIV? p Am Wb emu/cm
ANMANVOITMNN
v I - T -
Havan
Tausenue m Am’ Wb emu
wWanas (0)} Wb Whbb Maxwell (Mx)
FUMTTINNITIED - B=uy(H+M) B=uyH+1 B=H+4nM

Wa UV TNUA
. - E=—-yuym-H E=-m-H E=-m-H
<
UNIvian



35

M3519N 1 (910)

oY . S SI EMU
IETL anyol
(sommerfeld) (kennellly) (gaussian)
miﬁuumaﬂumuﬁ
a T=UomxH T=mXxH T=mXH

| <
Lian

= =) a d Y Y a
f'n‘i!‘VIEI‘]JN1ﬂ‘iﬁ1‘H!!Nﬂuiﬂu!ﬂ@‘ﬂﬂfﬂ‘lf?ﬂﬂﬁ1ﬂﬂﬂ

a A =1 a 4 I v Aa o w 1]
msmsmmmigmﬂlmmsamuﬂuiﬂmmai L‘ﬂuﬂﬁ]fﬂfJVliJﬂ’J”l‘JJﬁWﬂﬂJuiﬂﬂcluﬂﬁ’m

A [] I~ [ g‘; g A Y = A A [ Y
FUUALNANUDIIEE natme lvinamsialanuL1¥eno Lmzmmsqumm"lﬂamq

'
a a

9 é & = d’ = a 14 9 o 9 1
anasd "INT@fJ‘VI’JthfﬂiL‘VIfJ‘U‘lJ”Iﬁi;’%;'luall’f)\‘llﬂﬁ’f)\‘lllnﬂuj@]ﬂLﬁﬂiﬁ]%i%’)ﬁﬂﬂ?ﬁ@ﬁﬂﬂﬂﬂﬂ?

A

d 1 <] { ] I (% @ a A [ a a A
Tuwuawimaniuivewduduiioy uagaqdreden lasuanuilengeganonsananiinma

d‘ oA 1 9 1 [ dy
HDIMNAUTUUAUAUATUAN mm”lﬂu

o a a I ~ 1 1 Aaov A
- auiANINIENIN ( physical properties) Hnnausgneg lunynsuagsuiay
Y % o a a 1w a a 4
ENBUNINDY 28 UIUUNDSABNUDIUNINANINY  58.6934 ¢ Iﬂi\iﬁ%?\iﬂqaﬂ'lﬂﬂl@\?uﬂmalﬂu
1111 FCC (face-centered cubic) ﬁqmwgﬁ 20 °C UnNadl lattice constant (NN 0.35167 nm

ANUHU WU UVDIHNNAN 25 °C A1 8.902 g/em’

- @IANNUNYI (thermal properties) HAINANIANADNIMAIDYN 1453 °C uazliyn

v A a

A n:' o a a A o a Q\{ 9 d‘
lﬂﬂﬂiﬂﬂﬂizh1ﬂ!@§ﬂ 2730 CuﬂLﬂalJﬁiJﬂ’i%ﬁVl‘ﬁﬂWi"Uﬂ1ﬂﬁ3l%ﬁlﬁuluﬂdﬂ1ﬂqmﬁﬂh

U

a =2

(coefficient of linear thermal expansion) MY 13.3 pm/meK ﬁ@qmmu 0 D9 100 °C @n1NNIT

G

hanudeu (thermal conductivity) 82.9 W/meK 1100 °C

"o

Y
- auian1e I (electrical properties) Aanmdunu Idhvesiinmayuegi

P '
a a a a A

' H
ANUUIFNTUDIUNLING fﬁuﬂmauiﬁ;m‘ﬁi]zaJan1°wmmﬁ}mmuﬁ’aﬂmmﬂmawma UN

Q

T W 9y a

g
UNJUININUY ’c’fﬂW‘l@]1uﬂ1uﬂ1ﬂ17\l%}\l1ﬂl@\1uﬂlﬂﬁ 99.97 % w%uﬂmammmqmgmm 7.16

Y
= a =2

9 Y| a a A A2
pQ/cm Lnﬂﬂmﬁﬂugwu ﬁﬂ']W@]']uch']uulww']GU@\iuﬂlﬂa%$1Jﬂ']l°W1]GUu

Q U



36

N ] <] . a A 1 ' @ 1 <3 J
- FUUANNLNYIAN (magnetic properties) umﬂa’agcluﬂqmlm ’JﬁﬂlLiJLﬂﬁﬂW\lfJiTi

=

a9y a a A ] I A Yo )=\ v k)
NYUNHUTIBD uﬂmaummmmm“1umiﬂmmwuumaﬂme"lm‘ummuﬂu'lmwuumuaz

Q U

o

o ] ' ' A A < ] ° '
TEIANAN WL ANDYIUNINISINN YU ﬁ]%ﬂﬂﬁlﬂﬂmﬂmmmaﬂaﬂaﬂﬁ]uﬁwnmm
v

v
= v a v

2 < = { o 7w
UVBIYART %muﬁmwmmmmmmaﬂ ﬂQl!i!ﬂWﬁWﬂWﬁﬂHLﬁfJ’JﬂUﬂWﬁﬂﬁ%Qﬂﬁﬂﬁﬂﬂﬂﬂu‘ﬂﬁ

U q

KX Y A a A = 9

] <3 o ~ Y I ] < Y a
UAANIIADINDITUNITAN YUHDURAT FI Lwa“lwmﬁmwmwmﬂmmmaﬂTﬂmmamwgu
3]

a A LV TR 1) a

'
a 1 a a A

4 H
g9 ngamgives Uszunm 404 °C aAnuusgnBvesiinnalinade yags Ao dnmaniiniw

U Gl Q

)

s ] ' ) '

Usgnigerzlinmgungigsmnnininaniianuusgnsaina dnnatiauunt laaesu duan
i o g ) o Yy 4 g

sz 6500 O Worhawmmimaneenualvziiae uunil lamdu asde dauumiman
Y Y {a a a £ a a

Uszana 3000 Oe uaz T maAN Uz 3 Oe Tasauinavan UinNauIgnsuaziinma

=\ =S 1 d' ) 1 %
Na‘l/]uﬂJﬂTI/]UliJLMﬂGINﬂu

ua 2 U ) 2 1 9 ]

- ﬁ'll‘ﬂ@]‘ﬂ'l\‘uﬂfl ﬂ?iﬂﬂﬂi@uiuﬂiiﬂ?ﬂ'lﬁ‘ﬂ’)hlﬂ ?Jﬂ'liﬂﬂﬂfiﬁ]uu’ﬂﬂﬂ’ﬂ 0.0025

a a = & a a a £ A o ann 1Y) =1 )

mm/year Tﬂﬂlﬂw1$uﬂlﬂﬁ 200 C]Nl,‘]JuuﬂLﬂﬁﬂTm“]_liq‘Wﬁ LﬂJ'EW]'I'lJQﬂﬁEJ']ﬂU@'IﬂWﬁﬁ]ZﬂJﬂ'lﬁll')
a X2 da o & a a o Aa X2 % . T < @ v J E
INAVUNHI NITUIUU Lﬂ@i]'lﬂ‘V‘IﬁiJ‘]J'l\‘l“] NnnavU %Qﬁ?uiﬂﬂlﬁ]mﬂu Fala ﬂ'liﬂﬂﬂi’f]ucluu'l

< E] 1 @ 1 v Al Aa

AAUYIO MBENI 0.0025 mm/year MInanFaulunsagaiisnlszust 0.5 mm/year taz

a gy

msnansoulunsalalasnasingurgiiiodnsNsnanTouaAINII 0.25 mm/year

QU

= A o 1 < Y1 a a I @ [ S Y a Ax
HINAUANUAAINA %3mu“lmmﬂmmﬂmﬁmmmaﬂmmmummmmzaﬂu
= A =) a 4 1 ] <3 1 g’; = 9
ﬂﬁlfﬂ‘c’ﬂJN1Glii1ulﬂiflﬂluﬂu1ﬁhm@‘i LI,G]'E')81Qlliﬂﬁ1hslulma$ﬂi\ﬁl@\‘mﬂEJ‘U3J1¢]5;‘1§1uﬂ’3‘§ AN
o a Y a A A ) Jar o J Y a & o Y a A
1/]1?‘]’31%’(3{3’E]W]N'J“Viuﬁlf]\‘]uﬂlﬂaLWE]H1@@ﬂUlGﬁﬂV\Iﬁ3J6@ﬂﬂ@‘Ll UAZADINAAITAD INOIN
v

o v 2 v R d o ] v Aa A
Gl“!ﬂu\?tﬁﬂﬂa1\‘]"1]@\1611@1’(3ﬂﬂﬁijﬂjﬂﬁﬁlﬂuﬁulﬁu%g]fJ'Jﬂ“Ll‘VWWWN ﬁ@ 'J@‘(’J’l\?ﬂg]}’f]ﬂﬂ'li

Yy 9
3739799 mﬁu,ﬁammgﬂﬁj’aﬂumimﬂummgm
a 1 |} 1 d‘
msﬂszmummm"lmmuaummmﬁm VSM

@ o ] I @ a 1 1 [ v Aa
Gl,uﬂ1i@]i’3ﬁ]’3@ﬂllﬂ§l1m\1l,l,lllﬂaﬂ"ljf]ﬂﬂﬁﬂ %mﬂmmm"lmmu@uclumimmmﬁ'w
é [ 1 ] ] a3 @ dy a . .
wue Falumsda aanyliniven iy AMuam®afsual (quantitative  measure) V84
@ wa ' <] o o o & ~ o
AUNINNITIATUUANNLUULHANUDI VT VIWGlﬁINaﬂTi’muuﬁﬂﬂiﬂLlﬁiEJ‘]JL‘VIEJ‘]Jﬂ”UWﬁ UBINIT

[ ] <]

Y a 1A Y A A A
f ﬁﬂl!lllﬂﬁﬂ’f]’l\‘]’f]\‘] 'NN‘?]'N?JTTH’]L"H’E]E‘I@LWENGI,@



37

msdszdumanyliniveurtia A

a 1 1 1 a I
msUsziumanulimiueusiia A (type A standard uncertainty) 1UHAINAS

a aa [ 4 % < H o
Usziliuneadalugdunudiudewvumasgie - Fuiludeyan launnanzvesmsia

a ] < o 9 A o ¥ e a 1% dy
ﬁllﬂ@]‘ﬂﬂl\ullll‘ﬂaﬂﬂl'ﬁ]ﬂ]ﬁﬁ]ﬂ?ﬂi@]mE]‘L!VI,GUGIJ@\TT\ITTV”"JH (repeatablhty) UUUADUAIU
1 ~ oAy Y v o [ I o dy
- W1ﬂ1lﬂaEJGU'E]Qﬂ”l‘]ﬂ]lﬂﬁnﬂﬂﬂlﬁ')ﬂ?ﬁﬂuulﬂaﬂ JU
X1+x2+x3++xp (53)

X =
n

J § [ 1 <] ?
ammaﬂmﬂmmma@umwaﬂmﬂm

A
fl
A A FY v W ] I 1 g'/
X; ﬂamfw‘lﬂmﬂmsmaammmammazmq
A
fl

v W ] <3

¥
2UIUATINIATTAUNTAN

n Q
- WIMINIEAeYRToYa IaelszananinanuleuuuNIAT Y (Standard
Deviation: o)
n (x;—x)2
e D (54)
n—1
- MAANNT eI UVDIAUNDY
— g
5() =& (55)

1 1 Y
f1 Standard Deviation voaaundenisziiulanizen Type A Standard Uncertainty

Y

1 . g H o
Taef Type A Standard Uncertainty iiludoyad ldunnnannzvesmsianeld

] Y
au lvueamsvin (repeatability)



38

msdszdumanyliuiveurtia B

a 1 1 [l a I a
mMsUszumnu liniueustia B (type B standard uncertainty; u) tHunsdseidiv

1A Y 1 [l 1 a [ [l 3 Y a ~ 1 =\ o
anldan manulimiveusiia B ves Taquainianseds Nszyeglu szmativiins

[

o = . . . Aas X
JUTOINTNYVUIATIU (calibration of certificate) Taead5aall

up =% (57)

A J

4 ' [l a o ] 3 Y a
Lﬁ@ u ﬂ@ﬂ']ﬂg']llhllllluuﬂu%uﬂ B ﬂJfN’JE‘T@meaﬂ’BN’OQ

= [

k ﬂ@ﬂ%ﬂigﬂGUﬂiﬂ‘UﬂQM (coverage factor)
msdszdumanyliniveusiu

1 1 ] 5 . 1 H 9 1 1
A1Au 1 ueUTIN (combine uncertainty; u.) AOAIN IAINMITIINAININ 4]

' a 1 ] ] a o < A
UHUDUUDITUA A Lla$ﬂ1ﬂ’31ullulluu’é)uﬂlﬁ)ﬁ%uﬂ Biﬂﬂﬂ']iﬂ']ugmWai’)ulﬂu51ﬂﬂﬁ@\1ﬂla\1
Y

] ] J o w X o A
Wa5'33Jﬂ'J']1]Ulill!uu@ull’lﬁii’lu"ll@ﬁ@ﬁﬂﬂi$ﬂf]ﬂflﬂﬂ’]a\iﬁf]ﬂ G?i\?ﬁ’lil’liﬂﬂ’lﬂ'lmhl@ﬁ]} JU

U = JU? + w2 (58)
dalszneunseunguueIn N linUUEUINATFIUIIN

alszneunsounguuesny liuiueuinasgiusw launnmsfmuiuaieee

I A
anuiluodase NTANUNIT Welch-Satterthwaite

4
Verr = — ) (59)

7
n CiU (Xi
i=1 Yi

&2 Ay v o o a g T W
SHIATUBD Yerf VlllﬂﬂWﬂﬂ1iﬂ1u'Jm ﬂgu']ulﬂﬂﬂlﬂuﬂ']ﬁﬁﬂigﬂ’f]iJﬂWﬂ@ni'N

v
o

T T A Ay s 2
T-distribution NTLAUANUFOUUNABDITIYIIU 95 L‘]_]f’)'imfu@



39

aman s uvene

[ [ 1 aA A g A Y 3 9 = ! Y
¥9v0AN luiveumindu e lhiu lauanudesnmsmunnanuug?
9 Y = 1 [l 1 . = [ g 1
9du Fona anulimiveuvee (expanded uncertainty) tasuayanya U RRTTAEY
uduouves U ”lﬁjmmﬂmﬁﬂmmm"lajmiuaummgmmu ﬁ'ﬁﬂﬁ’aﬂﬁxﬂeumemqu

(coverage factor) k



40
dJ as
gUnsamazizms
ginsnl

v A

mmmaummgmm’%m VSM

[y
o)

2
.
=
Da
)]
e
—
Lo
(=)
P
Qo

Y a a

1 < a A o 1 '
AquuiMans 198 eiNNaNsINANYLIUTEN  LakeShore U 730908 UiAdUH1IY
[ 1 ] < § 1 <
AUENA 3 mm ANUAUUILUY 8.907 g/em’ N1 TuWUAIMAN 6.92 emu AAuIMLIMAN

U ] Il ] [
MauUan 5 kOe Iﬂﬂﬂ'Iﬂ']'llll’lllLLuu@um@QIﬂJ!ﬂJu@mﬂJ!ﬂﬁﬂ +1.5%

Q) ()
d' o ] S Y a Y o ] S Y a
MNN 24 IFQUUKTANDII0 (D) THATUITQUUITAND1I03 (V)

2. Jaquimandednadrsunaaeui)szansnmueunses R-VSM fia3 19t

2.1 uHUUmMan uua 3x3x0.05 mm’



(M (V)

[
=S

v Y
aid 25 wiumuimanildiufindeyalurasilaad (floppy disk) (n) uivmiiman

VUIA 3x3%0.05 mm’ (V)

2.2 10VIAq Fe,NiMo,B,, (Metglas'" 2826MB) Y119 1x3x0.05 mm’

MW 26 1DUTES Fe, Ni,Mo,B,, Y41 1x3%x0.05 mm’

] <3 1
2.3 URUHULYNBDU YUIA 1x3%0.05 mm3

41



42

H [] 1< [
MNN 27 LOULINANDOUVUIA 1x3x0.05 mm’
d o
3. gUnsaidmsiuaderiaia R-VSM

3.1 weaansavia vnadurigudnatniely 3.0 mmidurugudnatiniouen

14 mm ANUNUIVADIA 2 mm mmﬁmzﬁ’umﬂ 0.055 mm AANUH T 28 mH

= o
HINN 28 VADIANTIVIA

] adg a
3.2 LLNNLﬁEJT“B’ﬂ!ﬁﬂ‘VIiﬂ VUIAAINKIUT 0.51 mm ﬂ’J'I‘JJﬂ’SI'N 31.8 mm LAZANNYT

63.5 mm



43

H 1 adg a a o U
MNN 29 LHUIAE TEBIANNT NUBILTEN piezo systems inc. FU D220-A4-503YB

3.3 TATULNIVUINAIINYTI 9.4 mm ﬂ’)'lllﬂ’ilﬂ 4.2 mm mmMﬂma%’ 2.16+ 1.0 %

ANUMUNIU 349.4 £ 0.6 O

MNN 30 AATUNY (KFG-5-350-C1-16)

¢ A A o o. A v
4. Qﬂmmm‘smmmuazmmﬂﬁmumu]m

v o

4 o ] ] s s
4.1 Lﬂ%ﬂ\i')ﬂﬁu'lll!m!ﬁﬁﬂ uazm’mammmmaﬂuuuﬂﬁﬂgmimaaaa



44

H 4 o ' <] a o 1 v o ] <
ﬂTINﬁ 31 Lﬂ%ﬂ\‘l?ﬂﬁﬂ?ﬂlmlﬂaﬂﬂlﬂ\i‘ﬂilﬁl“ﬂ LakeShore JuU 455 (M) KIIATUINLNR ANV

Us1ngmssiseaduedn3 N LakeShore §1U HMMT-6J04-VF (V)

4 @ @ <] a
4.2 Lﬂ%@ﬂ?ﬂllagﬂl‘c’nﬂ YUy Uaen-a4

Y =-0.0001 V

L5 STANFORD RESEARCH SYSTEMS

3 4 o o < a a o
fﬂWﬁ 32 Lﬂ%’e)mmmzﬂufnﬂ YUWIUUVVADN-DUVBIUVIEN Stanford Research Systems

31 SR850



an v aa 14
4.3 AANDDNAANINDT

3 aa v aa 4 a o 1
ﬂTINﬁ 33 AINDANAANNDIVIIUIHN Agilent 31 HP34401A

4.5 1A509UEYNAT

PNA 34 1AT99VH1AEQ (mosfet SOW T162 K1058 )

A o A o A J
4.6 wiosnuadyamgUaaulai

U

a

MW 35 1seariliadanugUaanleiveuisn Hewlett-Packard 1 HP 33120A

g U

4 o A 1 <3
4.7 wsoamuiaanuaivan llih

45



4 4 o A ] < a o 1
MW 36 nsestuiaauuinian TWihvesussn Walker Scientific Inc. §1 HV-4H

=\ a J J o ]
4.8 uuni lndlwesHuUdUAI081 (VSM)

d' = a 4 v o 1
M 37 wunil lalinosuuuaualI019 (VSM)

46



47
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Tutorials Discovery of your instruments by turning off the

MATLAE Demo ‘Ask before sending *IDN? option in the
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VSM Calibration Sample
Nickel Sphere
Model 730908

This nickel sphere is provided for use in the calibration of magnetometers. The moment value at
298 K in an applied field of 398 kA/m (5000 Oe) is given by the following value:

m=6.92 mAem’ (s

m =6.92 emu (cgs emu)

The uncertainty in this value is estimated at + 1.5%.

Measurement Background

A random sampling from a lot of 3 mm diameter, >99% Ni spheres were compared directly
against a National Institute of Standards and Technology (NIST) SRM 772a Magnetic Moment
Standard using a vibrating sample magnetometer. The moment for the spheres was also
determined from the sphere volume, the known density 8.907 g/cm:’, and the mass magnetization
for nickel, o = 54.94 Aem?/kg (54.94 emu/g), stated in the certification for the NIST SRM 772a.
These two determinations were found to agree to 0.3% for the sampling.

Hancling

The moment value for this sample should remain valid as long as the sample is not mishandled.
Handle only with non-metallic, non-magnetic tweezers and avoid contamination or deformation of
any kind.

Certification

This sample is provided as a working calibration sample suitable for use on a day-to-day basis. If

a certified standard or traceability to national standards is required, the purchase of a NIST SRM
772a should be considered (available from Lake Shore, Model 730907).

F045-00-00

[ akeShore.
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Lake Shore Cryotronics, Inc. * 575 McCorkle Boulevard = Westerville, OH 43082
Sales: (614) 891-2244 « Fax: (614) 891-1392 = sales@Iakeshore.com ° www.lakeshore.com




MANHIN U

a 1 ] ] o un ' [ @
ﬂ’lﬁﬂi3Llluﬂ'lﬂ'J’llllllll,luu@uiuﬂ’liﬂﬂﬁﬂﬂﬁﬂ?ﬂllMLﬂaﬂ"U'f)\?')ﬁ@;I

76



77

daegnamsiszifiuamnnuliniuenveunios VSM veamsiaTaquauisiman

mMsUszunnu lainiueu type A (u,)

4 v 1 o 1 < [ [ <
HA9INMINUNINTIATEY VSM Tumsiaa s uauimanyoigauouuimian

$ [ <3 1 H H Y ’.f o g’/
NAWWUUKAN 5 kOe NANTBULUINATFIUN 0.00763 UBINTIAFITIUIU 5 AT LAY
1 Y
sz udouuuinasulanyueMInTzneuuulind  (normal  distribution) AIUU

4
gunsamudaaNy luuiveusia A llﬁlﬂﬂﬁ

u, = ”3%1 (62)
0.000763

N\ N ®

=+43.41x 107* emu (64)

mMsUszumanuluiiueu type B (u,)

a U Il ' 4 o 1 4 ' [ @
Ansanann lduiueu veunsies vSM Tumsiaa Tumua uiimanves iaquou
] < ~ [l < A X A Y ~ v W 1 <
wiman Nauuuiman 5 kOe N Fuases VSM Iarumsifionunasgiunuiaquiman
81984 Ta anuliniveunndsemeailetinsSusesmsieunasgiu (calibration ~ of
. A g <] A [ A & A o
certificate) 1 +1.5% 94 TUNUALLUINAD NTLAUANUTONY 95% (k=2) UAzNUANHULNIT
QPFARCERIB LG
o 1 3 Y a A a ~ [l I A g <3
AQUUINAND1NDINITINAVUNING NAWNMAD 5 kOe VA TUIWUAUNIMAD 0.450

emu UA1A 0 Tuduauail
u = +(1.5% of 0.450 emu) (65)

=46.75 X 10~* emu (66)
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w, =t (67)
—4

_ i 6.75><1(; emu (68)

= +3.38 x 10~* emu (69)

mMsUsziiuannu luniueusiu (u,)

1 1 [ I o 1 ] 1
Anu liuliueusIN  (combine uncertainty;  u,) iWumsthaiany limiveu

A ' 9 Y o ~ o w & Yo 2
Lumfﬂmﬁ‘u‘ﬂﬁ]mm VWAUUITINNUIINNTDIYNN1AIT D G]f\?ﬁ’lll’ljﬂw’lul@ﬂ\clu

Ue = JUg? + U2 (70)

= 4,/(3.41 X 10~%)2 + (3.38 X 10~4)2 (71)
= 4480 x 10~* emu (72)
MA)iznouAToUAQUUBININ T UBUNIATFIUTIY (coverage factor; k)

@ ] ] I
@]'J']Jizﬂ@ﬂﬂi'ETUﬂ'(,j3J"‘U’f]\‘]ﬂ’ﬂllullll!uu’f]un'l@ﬁﬁ'luijﬂ (k) TN I09ANNII Y

Baszlsg@NIna (v.pp) 19U10INAUNT Welch-Satterthwaite 81989 EA-4/02, Appendix E
9

[ Y =
qun1s E.l mmmmmm"l@ JU

4
yeff — uc(y) ) (73)

ué
=— 7 (74)
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Y I Aa Aa A A S = T W
Tameeenanuiludasziszansnan Yerr = o0 MINHUWMIANGIUTZRO

ATOUAQUUDIANY TULUUDUNIATTIUTIN 91NA151 T-distribution NTZAUANMFONUN 95

% UMk = 2
MsUsziiuanny hiusiueuves (U)

i ldanmsdsziiumanu hiniveusmwangunumnseunguuenu i

Y
HUURUNIATFIUTIN AT

U=+k-u, (75)
=42 (4.80 x 107*) emu (76)
(77)

=49.60 x 10~* emu

o 1 AN Y a 1 1 (] 1 1 o
U,a3u’lﬂ’lﬂhlﬂinﬂﬂ'ﬁﬂizliluﬂ’lﬂ'ﬂilhlill!uu’ﬂugnﬂ“] NWiﬁaﬁiu@’]i’N@ﬁﬂﬂigﬂ@U

] E4
MIMUIUANNMNINIUNIATFIUATOL VSM Aail



4 J o 1 ] ' 4 [ g 1 < @ 1 I 1 o ¥
Vn‘ﬂ\‘lN‘H'Jﬂﬁ Ul mﬂﬂizﬂ’E]‘]Jmiﬂmammmm"lmmu@ummm%ﬂ VSM GIUﬂWi'JﬂﬂTIlILiJuG]LLlIL‘Vfaﬂ (m) ANNIAAUD VLUV ANDDU clum'i’m 5 939

[

= 4 4 oA
NITAUANUBDNUN 95%

Prob.

Coeff Uncertainty
Symbols Source Uncertainty Measured (emu) Divided DOF
Dis Sen (emu)
u,, Jagnsanantinna 6.75x10" Nor. 2 1 3.38x10" 00
U, ANIUFNNFHA A 3.41x10" Nor. 1 1 3.41x10" 4
u, anuluntiuous 4.80x10" o0
, B Coverage Factor k= Y
U ﬂ’JHJ"lllLLuu@‘Ll‘llfﬂﬂ 2 9.60x10 o0

08
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fegamstlszmiumanuliniiveuveun3od R-VSM

mMsUszunnu lainiueu type A (u,)

4 YL s ] I~ [
HAINMINUNINTTINATEY R-VSM  lumsiaa luuuauimianuesdag uoy
[ <3 $ 1 <3 1 H H [ Bo’ o g’/
HUMAN NFUINUNKAN 5 kOe NANTBIUUNIATTIUA 0.000398 UBINITIAFITIUIU 5 AT
v Y
tazlsznaauleuuunaIIulanyueMINTzNouUVYIng AuaNTaMIuINAIAIY

4
Yo A

Tumiueuwtia A laaail

U = £ (78)
0.000398

=t—7=— emu (79)

=+1.78 x 10~* emu (80)

mMsUszumanuluiiueu type B (u,)

AnsananL lduiueunnMIfeuNIATFIATES R-VSM nUA3ed VSM Tagih

o 1 J 1 3 Y ] I { ] [ 1 1 1
M5 Iam Iuuduianueside  uouuman Aeuuman 5 kOe uaznleninm i
1 ~ 9 o @ 1 <3 A [l <3 9 A Yo A

urueud laninmsiadaquauwiman Aguuuivan 5 kOe A81A309 VSM 1 1#nun5 o4
= Y A a o = -4 A Y A 4

R-VSM &qlumsianies vSM Tmanulumiveun £9.60x10" emu NszauAMT0IY

95% (k=2) LAZHANYULMINTENIA VU THABNHUA (rectangulardistribution)
Up=t- (81)
9.60x10~% emu

(82)

= +5.54 x 10~* emu (83)
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msUsziiuannu luniueusiu (u,)

1 1 [ I o 1 1 ]
Anu liutueusIN  (combine uncertainty;  u,) tHumsihainu lunliveu

A ' 9 Y o A o w = Yo 2
IHBINNFHUNAN N YUNAUNITINNUIINNADIINNIAIT D G]f\?ﬁ11ﬂjﬂ‘ﬂ1llﬂﬂqu

U, = +Jug? +u? (84)
= 4,/(1.78 X 10~%)2 + (5.54 X 10~4)2 (85)
= +5.82 x 10~* emu (86)

MA3znoUATOUAQUUBINIIN I UBUNIATFIUTIY (coverage factor; k)

@ ] ] I
Gljﬂigﬂ@ll‘ﬂj@llﬂaqu61]@\Clﬂ'g’lllthl!uuﬂujJ']ﬁji']ujjiJ (k) ﬁ'laJ']iﬂW']@\jﬁ']ﬂ’)'nJlﬂu

Baszllsg@ngna (v pp) WAUNINAUNT Welch-Satterthwaite 91989 EA-4/02, Appendix E

[

Y
FuMS E.1 amnsoamuia laaail

ud(y)
Yeff = T (87)
4
= (88)
u_a+u_b
n—-1 oo

Y I~ a a A ~ g’/ = [
Témosmanuiludaszlsz@ninail v, = oo MnULIINAMEN) Iz
ATUAQUYDINY UL UEUIIATIIUTIN 1INAI15 T-distribution NTZAUAMFRNUN 95

% UMk = 2
Mslsziiuanny hiviueuves (U)

i ldanmsdsziivmnnuy imiveusmwanguiumaseunguussnu i

Y
HUURUNIATFIUTIN ATl
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=42-(5.82%x107*) emu (90)
=4+1.16 X 1073 emu 91)

o 1 d' 9 a 1 ] [] 1 1 4
u,axmﬂm”lﬂmﬂmﬁﬂﬁxmummmllmmuaumﬂq unlaasluasesallseney

) 9
MIMUIUAINNMINIUUIATTIUATOL VSM Aail



4 J o ' ] [l 4 [ g < @ 1 I U @
Vn‘ﬂ\‘lN‘H'Jﬂﬁ U2 mﬂﬂizﬂmJﬂ15ﬂ1u’Jmmmmulmmuamlmm%ﬂ R-VSM GlUﬂTi')ﬂﬂTIllLiluﬁllllLViﬁﬂ (m) NNITAAUDVLNLIHAN DU Gllefﬂi'Jﬂ 5

¥ A4 o A4 4 oA
ATI NITAUANUFOUUN 95%

Prob. Coeff Uncertainty
Symbols Source Uncertainty Measured (emu) Divided DOF
Dis Sen (emu)
u, 11399 VSM 9.60x10" Nor. 1.732 1 5.54x10" 00
U, ANIUFINNFHA A 1.78x10" Nor. 1 1 1.78x10" 4
u, AN luntuous I 5.82x10" 00
A, Coverage Factor k= 4
U mm"lmmuauﬂlmﬂ 2 1.16x10 o0

v8
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MINWHINT A3 HamTIANAToUANNDTUM
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NOUVDINIA R-VSM N1A11D 30-40 Hz

211D (Hz)

MANNAANE (mVrms)

21D (Hz)

v d
MANNMIANE (mVrms)

30.0
31.0
32.0
33.0
34.0
35.0
35.1
35.2
353
354
35.5
35.6
35.7
35.8

359

5.639
5.638
5.640
5.707
5.891
6.438
6.610
6.740
6.902
7.031
7.070
7.191
7.200
7.214

7.229

36.0
36.1
36.2
36.3
36.4
36.5
36.6
36.7
36.8
36.9
37.0
38.0
39.0
40.0

7.203
7.151
7.110
7.081
7.067
6.949
6.913
6.833
6.78
6.738
6.700
6.242
5.955

5.799
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MINWUINT A4 HANTNATDUINIIATIVTAUBUNAYANI TUVRIAIDIINAAIVEY 100 1911

Y
1NNIFIAIUIU 30 A

2INIATRINUIAN1IND (HP 33120A) N1A10D 35.9 Hz 1ow1f39@ 250 pVrms

il ANAIAADE Aunae o
ANTEUUUINATEIY
(mVAC) (mVAC)
1 25.0004
2 25.0573
3 25.0769
4 25.0637
5 25.0958
6 25.0589
7 25.0439 25.0459 +0.0279
8 25.0861
9 25.0618
10 25.0300
11 25.0145
12 25.0220

13 25.0287




MS1NUINT A4 (91D)

&8

A o a = = =
NATBINUUAAIIND ( HP 33120A) NAUD 35.9 Hz !!?)Ni]%gﬂ 250 pVrms

i AN Aunde s
ANTEAVHINATFIY
(mVAC) (mVAC)
14 25.0156
15 25.0002
16 25.0500
17 25.0507
18 25.0934
19 25.0486
20 25.0230
21 25.0075
22 25.0138 25.0459 +0.0279
23 25.0606
24 25.0495
25 25.0842
26 25.0116
27 25.0414
28 25.0730
29 25.0478
30 25.0215
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. 1 $ 1 H @ g’; $ ] <
MINHUINT A5 AuRAoIazANDEUTEUNIATTINIINNTIA 30 ATY NAUINLLKAN 5 kOe

v
(%4

ASIN 10309 VSM  10309AR-VSM  ASafl 1n309)A VSM  1A3097A R-VSM

1 0.125 0.125 17 0.125 0.125
2 0.125 0.125 18 0.125 0.125
3 0.125 0.125 19 0.124 0.125
4 0.125 0.125 20 0.124 0.125
5 0.125 0.125 21 0.124 0.125
6 0.125 0.125 22 0.125 0.125
7 0.125 0.125 23 0.124 0.125
8 0.125 0.125 24 0.125 0.125
9 0.125 0.125 25 0.124 0.125
10 0.125 0.125 26 0.124 0.125
11 0.125 0.125 27 0.124 0.125
12 0.125 0.125 28 0.124 0.125
13 0.125 0.125 29 0.124 0.125
14 0.125 0.125 30 0.124 0.125
15 0.125 0.125 Aunas 0.125 0.125

16 0.125 0.125 SD +2.15x10" +4.08x10"




4 J o ' ] [l 4 [ g < o
M319WuINd A6 oeAlsznoumamuiuama luuiveuveunses VSM Tumsiaam Tumwuduainian (m) 11nuaudag Fe,Ni,Mo

v v ' B '
M37A 5 AT NTLAVANUFBITUNA 95%

B,. lu

4718

Prob. Coeff Uncertainty
Symbols Source Uncertainty Measured (emu) Divided DOF
Dis Sen (emu)
uy yagnsananiinma 0.00187 Nor. 2 1 9.35x10" o0
U, AMNIUFININTHA A 3.25x10" Nor. 1 1 3.25%10" 4
u, AN luntuous I 9.90x10" 00
0. Coverage Factor k= 4
U mm”lmuuawusn& 2 1.98%10 o0

06



4 J o ' ] [l 4 [ g [ o
M319wuIndl A7 oeAsznoumamuiuamay luuiveuveuases R-VSM Tumsdanm Tumuduiman (m) 91nuaudag Fe,Ni,Mo,B,, Tu

v v ' B '
M33A 5 AT NTLAVANUFBITUNA 95%

Prob. Coeff Uncertainty
Symbols Source Uncertainty Measured (emu) Divided DOF
Dis Sen (emu)

uy 1AT09 VSM 1.98x10° Rec. 1.732 1 1.14x10° 00

Uu, AMNIUTININTUA A 0.000416 Nor. 1 1 1.86x10° 4
u, AN luntuous I 2.18x10° 00

A, Coverage Factor k= 4
U mm"lmmuaummﬂ 2 4.36x10 o0

16



4 J o ' ] [l 4 [ g < @ [
M319WuIndl A8 oeAsznoumamuiuama luuiveuveunses VSM Tumsiam Tumuduainian (m) 91nuauiag Fe,NiMo,B,, 1un3ia

¥ A4 o 4 4 A
30 AT NITAUANUBDOUUN 95%

Prob. Coeff Uncertainty
Symbols Source Uncertainty Measured (emu) Divided DOF
Dis Sen (emu)
uy Jegnsanaviinng 9.40x10" Nor. 2 1 4.69%10" 00
U, ANIUFINNFHA A 3.93x10° Nor. 1 1 3.93x10° 29
u, anuluntuous 471x10" 00
A, Coverage Factor k= Y
U mm"lmmuamlmﬂ 2 9.41x10 o0

6



4 J o ' ] [l 4 [ g [ o
M319WuINd A9 oeAsznoumamuiuama lumiveuveuases R-VSM Tumsiam Tumuuduidman (m) 91nuau3ag Fe,Ni,Mo,B,, 1un1s

v v ' B '
39 30 AT NIZAUANUIFIUN 95%

Prob. Coeff Uncertainty
Symbols Source Uncertainty Measured (emu) Divided DOF
Dis Sen (emu)
u, 11399 VSM 9.41x10" Rec. 1.732 1 5.43x10" 00
U, ANIUFINNFHA A 7.45x10° Nor. 1 1 7.45%10° 29
u, AN luntuous I 5.43x10" 00
A, Coverage Factor k= 4
U mm"lmmuauﬂlmﬂ 2 1.09%10 o0
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DESIGN AND CONSTRUCTION OF RESONANCE VIBRATING SAMPLE
MAGNETOMETER

Ratipat Yamyim, Pongsakorn Jantaratana*

Department of Physics, Kasetsart University, Bangkok 10900, Thailand

*e-mail: fscipsj@ku.ac.th

Abstract: The resonance vibrating sample magnetometer (R-VSM) was constructed for
magnetic hysteresis loop measurements of thin films and nanostructures magnetic materials.
The performance of the R-VSM was tested and compared with that of the vibrating sample
magnetometer (VSM). The measurement of hysteresis loops of FeyoNizgMosB;g ribbon and
magnetic tape show that the R-VSM is a valuable tool for investigation magnetic properties
of nanostructures magnetic materials.

Introduction: Vibrating sample magnetometer (VSM) was developed for the first time by
Foner in 1959."' For magnetic properties measurement, the sample is vibrated perpendicular to
the external magnetic field generated by an electromagnet. A set of sensing coils is used to
measure magnetic properties of the material. The voltage induced (V) in the VSM sensing
coils is given by:
=mAfS,

where m is magnetic moment of the sample, 4 is the amplitude of vibration, f'is the frequency
of vibration and S is the sensitivity function of the sensing coils. The cgs unit of m, 4, fand S
are emu, cm, s and Vscm'emu™ respectively. It is clear from the expression that the
moment sensitivity can be improved by increasing A4, f and S. The moment sensitivity of
VSM, is known as the calibration constant, can be found by measuring magnetic moment of
small high purity nickel sphere.

In recent years there has been extensive experimental in the thin magnetic films and
nanostructures.” The magnetic properties of these structures are becoming difficult to
measure owing to the decreasing of the magnetic moment signal. In this paper, R-VSM
system was designed and constructed in order to use for magnetic hysteresis loop
measurements of thin film magnetic materials.

Methodology: The R-VSM, shown schematically in figure 1, consists of an electromagnet
providing the dc magnetic field, a vibration unit and detection coils generating the signal
voltage due to the vibrating sample.

Vibration unit

Sample

Gauss meter
——)

Sensing Coils

Hall Probe

Figure 1. Schematic diagram of the R-VSM.

An electromagnet (Walker Scientific Inc. model HV-4H with a power supply) was used to
generate the applied field H. A gaussmeter (LakeShore model 455) equipped with a Hall

© 38"™ Congress on Science and Technology of Thailand (Full paper)
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probe (LakeShore model HMMT-6J04-VR) was used for measuring the magnetic field. The
field was controlled by adjusting the current of the power supply. The piezoelectric bending
actuator (Piezo Systems Inc. model D220-A4-503YB) with four strain gages (figure 2) was
used as the vibration unit. A power amplifier (TOA Corporation model A-2120H) was used
to amplify the sinusoidal signal from the lock-in amplifier (Stanford Research Systems model
SR850) and then supplied to a piezoelectric bending actuator to vibrate the sample.

(]

o

I:I:
e

oV

(A) (B)
Figure 2. Schematic diagram of the vibration unit: (A) bending actuator with four strain
gages: and (B) gage position in the Wheatstone bridge.

In order to detect amplitude of the vibration, the strain gages were wired into a
Wheatstone bridge and supplied by a constant voltage 10 V as shown in figure 2. The sample
under test was attached to the end of an epoxy strip which oscillates in parallel to the
direction of applied field. Two similar sensing coils connected in series and opposite
direction were used as the sensing coils. The induced voltage at the sensing coils was
measured by the lock-in amplifier. The performance of the R-VSM system was tested and
compared with that of VSM.

Results, Discussion and Conclusion: The VSM used in this study was calibrated by using a
nickel sl%here (LakeShore model 730908). The magnetic moment of FeyoNisgMoyBg
(Metglas™ 2826MB) ribbon under magnetic field of 5 kOe was measured by the VSM and
used as reference for the R-VSM. The reference FesoNizsMosB g ribbon was attached to the
end of the epoxy strip of the R-VSM which oscillated at the resonance frequency of 35.9 Hz
with the constant amplitude. The calibration constant of 246.4x10° Am*/V (equivalent to
246.4 emu/V in the cgs unit system) was obtained by measuring induced voltage of the
sensing coils under applied magnetic field of 5 kOe. The obtained calibration constant can
then be used to convert the measuring voltage to the magnetic moment of the sample under
test.

The in-plane magnetic hysteresis loops of FesoNizgMo4B,g ribbon measured by VSM
and R-VSM are shown in figure 3. Data were collected at room temperature under applied
magnetic field of 5 kOe aligned in-plane and parallel to the easy axis of the sample.
According to the results, it is confirmed that the R-VSM can be used to measure magnetic
property of the soft ferromagnetic ribbon.

© 38" Congress on Science and Technology of Thailand (Full paper)
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(A) _(B)
Figure 3. Hysteresis loops of FesNizsMoyBig ribbon (Metglas™ 2826MB) measured by
VSM (A) and R-VSM (B).

0.0050

0.0025

0.0000

M (emu)

-0.0025

-0.0050

6 4 2 0 2 4 6
H (kOe)

Figure 4. Hysteresis loop of magnetic tape measured by the R-VSM.

Figure 4 show the in-plane hysteresis loop for a magnetic tape sample (3 mmx3 mm) cutting
from the commercial 3.25 inch floppy disk. The results show the quite good signal-to-noise
ratio when the peak-to-peak of data fluctuation is only a few 10 pemu.

In conclusion, the designed R-VSM is sensitive enough for hysteresis loop
measurements of magnetic thin films and ribbons. The cost of designed system is very lower
than those of the commercial VSMs.
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