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Ferromagnetism. Definition.

Some materials below a certain temperature (Tc) give rise to the magnetic field in
absence of an applied field.

This magnetization is called spontaneous, the phenomenon - ferromagnetism and
materials exhibiting this feature — ferromagnetics.

The main parameter of the ferromagnetic )
phase transition is spontaneous '
magnetization

M_(T)/M_(0)

Typical behavior of spontaneous magnetization as function
of temperature 0.0




Ferromagnetic materials.

Aleksandr Stoletov
(1839 -1896)

Stoletov performed pioneer works in area of ferromagnetic
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materials but better known by his research in photoelectric effect.
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Kerr Effect. Visualization of the Domains

Transparent Magnetic Material g
4 Linearky-polarnized

incident light
Transmission Plane. of Rﬁfle(:t,l?n tated
Plane of polarization rotated NN G POOnEmRan TN
Kerr Effect

Faraday Effect

John Kerr
17 Dec 1824 —
15 Aug 1907

The Diagram of Typical Kerr Microscope

Courtesy of Radboud University, Nijmegen
The Netherlands




Domains

NdFeB-Aufschnitt EEERESSIENE 4 "5 Sl 20 pim |

Several grains of NdFeB with magnetic domains
made visible via contrast with a Kerr microscope.

Courtesy of Wikipedia

Kerr microscope
Courtesy of University of
Uppsala (Sweden)




Domains

Moving domain walls in a grain of silicon steel caused by an
increasing external magnetic field

Courtesy of Wikipedia
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Wioop = V$ HAB=V*Loop_area
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“Hard” materials. Application.
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“Soft” materials. Application.

Chokes, inductors
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Magnetic Field, Susceptibility etc.

B — magnetic induction
B = Hy ( H+M ) M - magnetization, in general M(H)
. X — magnetic susceptibility,
M= xH in general x(H)
B = 4, (1+ x)H = gyt H = uH {ﬂr=1+xJ
_,, .48 _1d
A= ot = M= iR
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Measuring the magnetic
permeability

1.0 F

By applying a small modulation of the H

0.5

field we can measure the derivative of the

= 0.0
M B-H hysteresis loop or dependence of the
05} o AP
By magnetic permeability on H field
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Setup #1. Investigation of the
hysteresis loops.




Sorensen
30V 10A

Polarity
Switch

HP34401A
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“Soft” Ferromagnetic “Hard” Ferromagnetic
Material Material
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From permeability to B-H
hysteresis loop

Step#3. What we are measuring?
calibration. SoSrD??UsAen

Lock-in measures emf on the pickup coil

d® = =

IAC

. .. , Vosin(wt)
Here Ip is ac current in primary coil L3; / p= R
2




From permeability to B-H hysteresis loop

Step#3. What we are measuring?
Calibration.

Primary coil of N, turns supplied by current M. p—

""" 'y
|, creates magnetic field H and flux d® 3 ) R, \ ¢
th=e o= " ...... -
Nyl ST
EFor toroid: H = -L2F } g R -*
2nr
R, <r<R,
R
- - I Nt ¢dr INt, R
dCI)=yIH da="~ I _£ In —= da=dr*t
2r p T 21 R,




From permeability to B-H hysteresis loop

R2
Step#3. What we are measuring?
Calibration. @~ [ MPLIUN —
) R, ¥ t
Total flux detected by pickup coil: T '
uUN ... N 1.1 R L
=N o, 00=—"T""PF |2 N
21 ﬁ R,
L
Np and Ip number of turns of AC primary coil and AC rms current
Inductance of the toroid:
(I). ’ I LOZﬂONpiCkuprtln R2
L=77 L=a L=k 5 R,
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Software issue

_‘\ 1 Magnetic_Lab(v9.3) oo e
:/ ¥ Main menu
N Icon on the
- desktop Experiment
x:‘:;gc : EXperunent Temperature scan
B-H curve
Preparation of the
profile of the N Preparation
experiment 2nd week
EXIT Pl'ograml expe riment
Measurement
B-H measurement
Demagnetizati0n| 15t Week

/ experiment
Demagnetization
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Software issue

Measuring profile preparation. Using profile template
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There is na suvel parsinclers sct or is damnegeill. Start (o pricpare new profile or open suved one.
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Idc (.‘l} s | -—-- -
ne
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‘The shown prolile is a
saved one from the

previous experiment. ,, N I N A R
You can use il, load a5 |
saved profile or create -5 -

|

? Ll v 32w

u2

A new one. ! [+
1080 208

Fimw n)

| Istare(A) IAS[OP(V.‘\:_I Step(A)

Open anew file|

Open a new file

Create a new file |

__Save file il
Create a new file

Save prepared file for future use
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Software issue

Measuring profile preparation. Using profile template.

L ) Magnetic_Lab(v10)
UserObject UserObject

M
Idec (A) 4
3
T ) The shown profile is a 2
S D saved one from the :
P previous experiment. ;
o 3
Y 5 You can use it, load 3
S i Pict saved profile or create 4
B v
a = a new one.
. t 2 3 $ B 0 1000 2000 3000
5 time (a.u) time (a.u)
Lo =
Step(A) Istart(A) Isto) S
| art( p(A) Step(A)
me sLpsi Al s - Open a new file
open 2 0 1 2
e 0:0 1 2m
Create a new file Create a new file . 3 o
25 1 20m
Save file 0: 0 100m 20m Save file a1 1 2m
41 5 20m
Exit Exit 5 -5 1 20m
- 6: -1 0 2m
(58 ) | Sl [ \‘”‘ & =l Bl

1



T Magnetic_Lab(v9 3]
User0bject

Start (A)
-1 = (I}
0 1
1 -1
-1 0

Stop (A)

=] 2m

2m
-2m
2m

Software issue

DC current profile preparation

f (Hz) Vac (Vrms)

1000

5535 Enter

- u___‘
| -

~_ |

: ----“
15
o 1000 2000 2500

Frequency and AC modulation level will stay constant during the measurements

6000

5000

4000

3000

2000

1000

Ready

Example of simple protocol

DO oo, |

T T T I T T

-400

-200

Measuring profile preparation

7 Magnetic_Lab(19.3)
UserObject

ER=|

DC current profile preparation

Start (A) Stop (A) Step (A) f (Hz) Vac (Vrms) .
-100m o 21{[[100u — 1000 3.535 _Enter
0 100m 100u
100m 1 2m
1 100m -2m
100m -100m -100u
-100m -1 -2m
-1 -100m 2m
-100m 0 100u
2000 6000
Frequency and AC modulation level will stay constant during the measurements
Ready
Advanced profile
) =l M ‘



Software issue

< o Measurement Window
Data display :::
- s T - Lock-in amplifier response
T o osszsaes 0
X (V) = -1.13256-006 <
Y (V) = 0.000287256 0= »
R(V) = 0.0002872582321077 0.2 0.2 06 1

Idc (A)

o u“““““-“u
DMM resolution 06 4
Graph 0a .

L( Stop

The profile of the applied
DC current

- < 3
0 100 2 300 400 450
time (s)

Structure of the data
file (B-H experiment)

times(x) ‘ fHz(Y) ‘ Uac"v"rmsi“r'::‘ [dcAY) ‘ XV ‘ YV(Y) ‘ RV(Y)
Long [time(s) = f(Hz) = |Uac(vrms) | ldc(a) = XDV = ¥ W) = RV =
1 2125 1000 3.535 0.00444 -1.3187V6E- | 7.73077E- 7.73189E-
2 12.828 1000 3.535 0.00416 -1.169758E- | 7.72332E- 7.72421E-
3 13.203 1000 3.535 0.00751 -1.1325E-6 | 7.67563E- 7.676G47E-
4 13578 1000 3.535 0.00988 -1.03564E- | 7.65999E- 7.66069E-
5 13.938 1000 3.535 0.01205 -1.15485E- | 7.62646E- 7.62733E-
] 14.313 1000 3.535 0.01395 -9.16425E-| 7.59815E- 7.5987E-5
7 14 TEE 4 Mnn 2 RIE [ = | 4 I IEC T ERETREC E T EROEREC E




Data analysis using Origin
To calculate the permeability better to use the template :

\\engr-file-03\phyinst\APL Courses\PHYCS401\Common\Origin templates\AC magnetic Lab\MU_CALCULATION.otw

It does not contain the equations — you have to write them

times(X) fHz(Y) UacVrms(Y)| IdcAY) KVY) YY) RV(Y) AlL) B(Y) Lo(Y) mui(y) muZ(Y) H(Y)
g N time (s) f(Hz) Uac (Vrms) Idc (A) Xv) ¥ (V) R (V) a/m
Init:
s Parameters
1] 2125 1000 3.535 0.00444 -1.31876E- 7.73077E-5  7.73189E-  Npickup 20 3.35179E-7 51.92141 0.88571 0.00789
[ [
2 12.828 1000 3.535 0.00416 -1.16975E- 7.72332E-5  7.72421E- Nac primary 20 3.35179E-7 51.87137 0.78563 0.00739
3 13.203 1000 3535 0.00751 -1.1325E-6 TEBTBE3E-5 7. G7G47E- h.:'m) 0.00825 3 3517OE-7 51.55108 0.76061 0.01335
4 13578 1000 3535 0.00888 -1.03564E- 7.65999E-5 7.GB069E- 2 2235 3.38178E-7 51.44604 0.69556 0.01756
5 13.938 1000 3.535 0.01205 -1.15485E- 7.62646E-5 7.627V33E- |1 13.45 3.35178E-T 51.22084 077562 0.02143
6| 14313 1000 3535 0.01395 -9.16425E- 7.59815E-5 | 7.5987E-5 | NdcC primarv 100 3.38178E-7 51.03071 0.61549 0.0248
I 7 ¥
7 14.766 1000 3.535 0.01621 -1.22935E- 7.5676E-5 7.5686E-5 50.82553 0.82566 0.02883
8 15.141 1000 3.535 0.01739 -1.26661E- 7.51545E-5 7.51652E- 50.47528 0.85068 0.03092
9 15484 1000 3535 0.01874 -812117E- 7.50502E-5 7 50546E- 5040523 0.54543 0.0351
10 15875 1000 3535 002174 -11772E-6 T 47894E-5 T 47987E- 50.23007 079063 0.03865
11 16.328 1000 3.535 0.02263 | -1.09524E- 7.46031E-5  7V.46111E- 50.10494 0.73569 0.04025
12 16.703 1000 3.535 0.02589 -9.76033E- T43424E-5 7T 43488E- 4992985 0.65552 0.04605
13 17 NR3 0010 3 /35 0 02FA8 -1 15485FF- 7 ATRATF-R T A7T77F- 49 R44R4 N 775R2 N 04798
Parameters Calculated results

Raw data



Integrated Y5

B(H) =, [ 4, (H)dH

6000 T I

Sample #5 I

5000

200000
0
-200000 -
-500 0 500
Integrated X5
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m Gadgets Tools Format Window Help
| Statistics P A=A -
Mathematics 3 Trace Interpolation...
Data Manipulation 4 Interpalate/Extrapalate...
Fitting 4 ¥Y¥Z Trace Interpolation...
P, Signal Processing 3 2D Interpolate/Extrapolate...
¥ Peaks and Baseline 4 X¥Z Surface Area...
3
v 1 Integrate: <last used=... Mormalize Curves..,
_; 2 Integrate: <default=... Simple Curve Math...
i’-f 3 Subtract Straight Line... Differentiate
| 4 Differentiate: <Last used=... e ’] 1 <Last useds
i D.'ll'fen?ntiatf: =default>.. 2D Volume Integrate.., Open Dialog..
Sigmoidal Fit: «Last used=> Matrix Surface Area.. T
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FFT: < default>...
Peak Analyzer: <last used> .. Average Multiple Curves...
1 Peak Analyzer: <default=... Custom Filter...
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Dialog Theme |

Drescription |F'erf0rm integration on input data

Results Log Dutput

4 anual -

Recalculate

Input
Use End Points Straight Line as Baseline

Area Type

[[Graph1 1111 mu"(564:1630]
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B(H)=,uo_[yr(H)dH + offset
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References

« Information about magnetic materials can be found in :
\\engr-file-o03\phyinst\APL
Courses\PHYCS401\Experiments\AC__Magnetization\Magnetic
Materials

« SR830 manual: \\engr-file-o3\phyinst\APL
Courses\PHYCS401\Common\EquipmentManuals\SR83om.pdf



