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Hall Probe Measurement of Magnetic Field.
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The main goals of the Lab:

v'Study of the magnetic field distribution created by
various systems using Hall probe and Gauss meter.

v'Calculating for simple systems the magnetic field
profile and comparing it with experimental data.
v Getting understanding of the application of the Hall

effect to measurements of the magnetic fields.

This is one week Lab
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v'Magnetic field due to current loops
v'Helmholtz coils

v'Solenoid

v'Halbach magnets

v'Hall effect. Measuring of the magnetic field
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Jean-Baptiste Biot Félix Savart
(1774-1862) (1791-1841)
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Hermann Ludwig
Ferdinand von

Helmholtz
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http://upload.wikimedia.org/wikipedia/commons/0/01/B_vector.helmholtz.svg
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Helmholtz coils. Field along the ax
For single loop:
I | )
: _ | &’
_ B=: ,ug :
| B 2 2\2
0 B 7 (z1 +a )2
\ J
? - »
a For Helmholtz coils total current equals NI,
____________________ a
L—>17 —E For right hand coil and
a
N turns L—> L+ E for left hand coil

I
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Helmholtz co

1. a=1.5R

ween the coils.
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Helmholtz coils. Distance between the coils.
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Helmholtz coils. Distance between the coils
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In the z range —al/4 + a/4 the field uniformity is better than 0.5%
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The results of 2D field mapping can be presented in 3D plot

Step#1. Plugin your data in the worksheet

File Edit Wiew Plot Column Worksheet Analysis Statistics Image Tools Format Window Help

FEsHdE s28 B4 o - SER FE & | WEF

=3 T Default: A ~ [0 S - |0 [N ~|0 B -
R e
a9 | B [ ew [ o [ em [ rm | e | o | | uwm | kw | wn | -
Long Name
+ Units
Comments
4 1| 215353 286725 20.8813 31.0404 32955 33469 | 334840 33.0262 320628 301168 27.0196 22.0183
2| 254037 300654 323166 33.0052 344161 348067 346058 345780 337994 326760 200573 26.1533
3| 285701 322231 339155 340056 352154 354009 353862 | 352084 348752 340844 321576 28.9869
g 4| 304535 33.413 | 347207 35.3664 | 355145 35.6145 35.5888 35.568 35.32 347875 | 33.3571 30.6615
- 5[ 31.4495 340156 | 350924 355425 356172 35.6696 35.6459 | 35.6503 35.508 351051 33.9382 31.5113
6 31.7812 342074 | 352219 35.6048  35.6638 35.6847 356752 | 35.6803 35.5519 351885 | 34.0821 31.6721
7| 315335 33,9986 | 351678 355808 357131 357271 357093 | 35.6958 35.5359 35.068 | 33.8894 31.2794
T 8 30.5673 33.3408 | 348302 35.3938 35.6402 35.6911 35.6737 | 35.5959 35.3418 34.6519 33.223 3013 x
P 9 267495 320254 | 341037 349007 353656 354673 354844 | 352463 348588 337268 | 318872 27.9943 3
* 10 257185 295323 | 325712 336752 345988 346732 347941 343001 337187 318755 | 295045 24 5358
/. " 211273 254901 29 6816 311738 327647 32821 331443 32163 313138 285544 | 255207 19.6004
= 12 151466 203448 | 247297 2737 290942 297619 206360 | 288253 26.903 240947 | 196552 14 4797
- 13
L] 14
il 15
16
i
18
19
20
21
22
i
24
25
26 |5
[+ ]\ sheet1 £XvZConvert1 / 1| « n Y
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Step#2. Convert data to matrix

iginPra 8.5.1 (Academic] - CAUSST\Kol3\Datuments\OriginLab\85\User File\Un

Edit View Plot Column | Worksheet | Analysis Statistics Image Tools Format Window Help

e

ap

~

... T T
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B (| SertRange e g - SERIEE | & | ABEE S |+
Sert Columns 3
B Default: A Sort Worksheet R Se - |0 [ In ~|0 =
% Bookl Clear Worksheet... EI@
A0 il m | fnm | em | Hm | | Jm | kwm | | 2
Long Name Worksheet Query...
Units Reset Column Short Names..,
Comments .
1| 215353  split Workbooks.. 055 33469 334840 33.0262 320628 301168 27.0196 220183
2| 254037  prvot Table.. 4161 348067 346958 345789 337994 32.6769 299573  26.1533
3| 285701 D154 354009 353862 352064 34.8752 | 34.0844 321576  23.0869
4| 304535 StackColumns.. 5145 356145 355888 35.5608 3532 347875 333571 306615 ¥
5| 314495  Unstack Columns... B172 356696 356459 356503 35508 | 351051 339382 315113
6| 317812 G638 356847 356752 | 356803 355519 | 351885 34.0821 316721
| 315335|  RemeoveDuplicated Rows.. 7131 357271 357093 | 356958 355359 35.068  33.8894 312794
8| 305673|  ReduceRows.. B402 356971 356737 | 2355058 353418 346519  33.223 30.13 |
9| 287495 Transpose , BBS6 354673 354844 352463 348588 337268 31.8872  27.9943 3
0| 257185 — 5088 346732 347941 343001 337187 | 318755 295045 245358
91| 211273)  ConverttoXvZ v 7647 32821 331443 32163 313138 285544 255207  19.6004
12| 15.1436 1 <Loct voed> 240047 196852 144797
13 = =
14 1 Direct: <Last used>... Expand ' Open Dialog...
15 2 Direct: <defaults ... XYZ Gridding *
16 N XVZ Log Grid ]
7 3 KYZ Gridding: <Last used>... =09 1% [ MBooks a/1 =]
18 4 XVZ Gridding: <default> ... ; 1 [ 2 a 4 5 5 7 8 9 10 11 12 ]
19 5 Expand: <Last used>.. 3 1] 215353 266725 208813 310404 32055 33460 | 334840 330262 320628 | 301168 27.0196  22.0183 -
20 § Epand: <default> 5 2| 254037 300654 323166 339052 344161 348067 34.6958 345789 337994 326769 29.9573  26.1533
21 = . 3| 285701 322231 339155 349056 352154 354099 353862 352964 348752 340844 321576  23.9869
22 1 Convert to XYZ: <Last used>... 1 4| 304535 33413 347207 353664 355145 356145 355888 35568 3532 347875 333571 306615
23 8 Convert to XYZ: <default>.. ) 5| 314495 340156 350924 355425 356172 356696 356459 356503 35508 351051 33.9382 315113
24 O ——— . 6| 317812 342074 352219 356048 356638 356847 356752 356803 365519 351385 340821 316721
25 < : 7| 315335 339986 351678 355809 357131 357271 357093 356058 | 355359 35068 338804 312794
26 10 Transpose: <Last used>... 8| 305673 33.3408 348302 353038 356402 356011 356737 355959 353418 34.6519 33223 30.13
[<12 ]\ sheatt {xvzComer 7 9| 287495 320254 341037 349007 353655 354673 354844 352463 348588 337268 318872  27.9943
0| 257185 205323 325712 33.6752 345088 34.6732 347941 343001 337187 318755 205045 245358 =
11| 211273 254901 206816 311738 327647 32821 331443 32163 313138 285544 255207 19.6004
12| 151466 203448 247297 2737 290942 207619 20.6369 26.8253  26.903 240047 19.6552  14.4797
" | LD I\msheet1 / I« i "oE
: F T
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3D data visualization of the mapping data.

-

Step#3. Plot (here is the color map chosen but you have many options
how to plot)

v | Plot| Matrix Image Analysis Tools Format Window Help

5 @ Color Fill Surface . 3::
] 3D Wire/Bar/Symbol » @ X Constant with Base i 3% ‘
<_ Statistics » @ ¥ Constant with Base v_ :Z:
: Image » g Color Fill Surface with Error Bar — o -
1 Template Lik @d Colormap Surface with Error Bar - 3045
= 1 Color Map Su @@ Multiple Color Fill Surfaces T ?{ .
N 7 Gabo Fill Sintoce =4 Multiple Colormap Surfaces F N 35.80
L 3colorFil [
o~
20

Color map surface
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Helmholtz coils. Summary

Helmholtz coils can produce the pretty uniform magnetic field in large volume free
of material. Helmholtz coils are not very suitable to generate high magnetic fields.

Helmholtz coils in Rb optical pumping Helmholtz coil from Brookhaven
experiment. UIUC Physics 403 National Laboratory

1

illinois.edu
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sSolenoids.

g

Solenoids are another source
of the uniform magnetic field.
Solenoids could be used to
produce very high magnetic
field.

1
e

o
T
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Solenoids. Magneti

@

field along the axis.

Magnetic field generated by length dz:

N 1 )
A i 2
| 5| u,nldz a >
' a 2 E
R (zf+a2)2
R k . p j

illinois.edu

Here n is number of turns per
unit length and I - solenoid
current

To calculate the magnetic field
generated by the whole length
of the solenoid we need to
perform the integrating from z,
to z,

Physics 401 Spring 2013 19
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Solenoids. Magnetic field along the ax

\‘
—

Field from current loop

» o L)
| Z 2
. 5. ,uonzldz a ne
| (zf+a2)E
o -

n —=turns per unit length
| - solenoid current

6,
Making the chaarllging 3 — — Zill jsin 0doz = 'uo [cose —Ccosd ]z
variables z = — 2 %

where c0s(6,) = 4 =; C0s(6,) = 22

/
Jai+1z? Jai+z,
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To create the uniform field in solenoid you
need you need to wind a long coil with L>>R

|

Physics 401 Spring 2013

24



0.9

0.8

B/B(0)

0.7

0.5 bt

-— -

1.0 L

0.6

illinois.edu

Physics 401 Spring 2013

> Helmholtz conl 2B < 6%

Solenoid A—: >20%
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= T y4 André-Marie Ampeéere
1B edl = NI I :

(1775-1836)

B,=B (inside), B,=0 (outside), B,=0
0+ LB+0+0= 4 NI

,, nd B = 'uONI
1 -

illinois.edu Physics 401 Spring 2013 26
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http://en.wikipedia.org/wiki/Image:Ampere1.jpg
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22T magnet from
OXFORD

INSTRUMENTS

Units: 1T=104G; typical fields reachable in your experiments <100G

I
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The late Klaus Halbach of Lawrence Berkeley
National Laboratory discovered an interesting
permanent magnet configuration that
concentrates magnetic flux on one side of the
array and cancels it on the other

=ix|

Flux Density
B(T)

Klas 4Habach
1924-2000

05180
0.4663
0.4147
0.3630
03114
0.2597
0.2081
0.1564
0.1048
0.0531
0.0014

"j[ Courtesy MatchRockets.com
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Edwin Herbert Hall
(1855-1938)

The current in x direction could be written as: |X = NqAVX)A(

where N is the concentration of carriers, q is carrier charge
and A is a cross-section area of the bar and v, — drift velocity.

I
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After the field application in z direction
the carriers experience a force:

) B} l | B
F=qixB=q| —* R |xB2=—"2"2%
q q(Nqn ) : y

?)This force will produce the deflection of the -carriers
resulting in extra charges on the surfaces normal to y axis.
Extra charges will give a rise to an electric field E, The
electric field will exerts a force on carriers in the direction
opposite the magnetic force. Carriers will flow in y direction
until both forces balance:

€3 IXBZ

A |.B
=0 — X"z
NA o E, gNA

qE, Y-

The equilibrium field could be determined by measuring the potential

H al2 H
difference across the sample. V,=- [ Edy=-E,a a — width of the bar

ﬂ —-al/2
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IXBZ
Finally Vi = gNb

(b is a thickness of the bar, A=ab)

m/ Let define [RH = L } as a Hall coefficient
Ng
And expression for Hall voltage could be rewrittenas |V, =R, IXbBZ
Table 1

Material R, (m’/ C)
Cu 53 %10
Na 210 x 10
Cr 1350 x 10

Bi 10" x 107"

] InAs (approx.) -'lO7 X 10-11
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@ ' postholder ;' ra|I
f 0
X-Y scanning equipment Hall probe scanning the

“iron box” magnet
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Be smaril Do not forget about the symmeiry of the
investigaied magneiic sysiem.

Physics 401 Spring 2013

B(r,@)=H(r)# f(¢)

Magnetic field created
with the circular loop
(solenoid, Helmholtz
coil) depends only on
radius r but not on the
angle ¢

34



