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16. Small Fields

Construct a device based upon a
compass needle and use your device to
measure the Earth’s magnetic field.



EARTHOS MAGNETI

South magnetic pole N .
coordinates Magnetic pole S Geographic pole N
81.0° N

110.0° W

North magnetic pole
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EARTHOS MAGNETI
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~ EARTHOS MAGNETI

Eart hds m
fi1 el dobés

Horizontal
component H,

o Vertical
Inclination g component H,




MEASUREMENT METHODS

Tangent

galvanometer
Sine galvanometer

Lamont 6S V&
method

Magnetic needle
oscillations

GaussoOos met
Rotary coll




TANGENT GALVANOMETER

A

Eart hos
magnetic field

\ (H,)
N

Magnetic field with known
value (H,)




EXPERIMENTAL SET-UP




HELMHOLTZ COILS

n number of turns
. . . . I current
Magnetic field intensity © radius of the colil
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HELMHOLTZ COILS

Magnetic field from two coils ~ |? "umPerof turns
|  current

IS nearly uniform in the © radius of the coil

middle between those colls Hc magnetic field intensity
generated by colls

The strength of such
magnetic field is
described by this formula:

‘ — 8nl /A
2 2 7 HC 55 65




HELMHOLTZ COILS

Because of the superposition of the

d 1 distance from the centre
of the device.

H. T Magnetic field intensity.

100 T

75 T

HC

Nearly uniform
magnetic field.

-0.5 -0.25

I=50 mA n=240

0)
r=0.1325m

S~ dim]

0.25 0.5




MEASURING DEVICE

/




1st experiment




2"d experiment

41 , (e A
|=12.7 mA




3rd experiment

|=15.4 mA




4th experiment




5th experiment

|=34.6 mA




MEASUREMENT RESULTS

a Magnetic needle deviation
angle

H. Intensity of magnetic field
H — Heo AA generated by the coils
Z tana 65 H, Horizontal component of
Eart hdos magne
| Current intensity
| H, a H,
1. 5.1 mA 6.6 A/m 20.0A 18.2 A/m
2. 112.7 mA 16.5 A/m 43.0A 17.7 A/m
3. 115.4 mA 20.0 A/m 48.0A 18.0 A/m
4. 126.0 mA 33.7 A/m 62.0A 17.9 A/m
5. |54.6 mA 70.8 A/m 76.0A 17.7 A/m




MEASUREMENT RESULTS

Intensity of magnetic field generated by Hemholtz

coils vs deviation angle
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VERTICAL COMPONENT

,.lummnmnm

A magnetic
Hel mholl t z06s 9

j | needle
COils | ‘

‘:-.

e —————
-
| c—
——
————————
-
—
o —
—
—
—
o —————
—
o ——
,
———————
———




VERTICAL COMPONENT

—_Coi |l s06 maghn
field

T
/)] /S

We add magnetic field with known value and opposite direction
to the vertical component of the



VERTICAL COMPONENT

Eart hdos ma

f1 el dos

| f the vertical component and t he
equal, the needle aligns with the horizon



VERTICAL COMPONENT-RESULTS

magnetic needle the needle —
aligned with the horizon when I — 33T]A

the current was 33 mA:

we calculated intensity of

magnetic field generated by Hc =42 7/7° 02[%]

colls: -
the magnetic field generated

by coils and vertical H , — 427 o 02[%]

component are equal, So:

/() ////
Wy

///// /A A S




CONCLUSIONS

Our device based on Helmholtz coils gave us precise
experimental data.

Inaccuracy In our measurements approaches maximally ca.
3,4 %, hence the results are quite good.

Our final results:

Horizontal component: H, =180° 0.3[%]
Vertical component: H_ =427° O.2[§]
Inclination: g=672

Tot al Eart hos magne

H =46.3° 0.4[§ﬂ
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DISCUSSION



MAGNETI C NEEDLEOS O«




MAGNETI C NEEDLEOS O«

From these:
| = Md2 [kg@ﬂz] I- Moment of inertia of the needle
m- Magnetic dipole moment
— - Vacuum magnetic permeability
Z’UmHz”?) T-Needl eds oscill g
we get: H-Hori zont al C 0 mpj|o
get. magnetic field
=2 L)
Tmm Lm

and finally: — H_ =18, %r%



Magnetic needle oscillations

1 =9,3 ' gg MO
m=0,6

m=4 pW’y

Hz :18’%%



ty of Earth

H, Horizontal component of
Eart hdos magnef

g Inclination




Induction

= mgH,



Innacuracy of the results

Innacurancy of amperometer
Metal elements in a stand for the needle

Neglecting movement resistances of the
magnetic needle

Simplification of the magnetic needle shapes



B=1mIb’{[b* €x D17 [ B ( x+1pF ]



ERROR ANALYSIS

The formula for the measurement error:
— | M ‘ ‘
Dy = |Dx,| + [ |Dx,

For our analysis it comes to the function:

DH =] 1P |3

Where:

H (I,a)=tl €ga and  t=— -

UL
KXo




ERROR ANALYSIS

Hence:
e

DI| |
Stga  sir?

DH_ =t

Z

) o

We calculate ¢t as: t° 1296, 0¢

Digital amperometer  |Dhyax| 0,2|mA]

Computer angle measurements ‘DaMAX‘ 90,5



ERROR CALCULATIONS

Angle |Current |H, Error /DH,/
a /

20,0A 51 mA [|18,2 A/m 0,1 A/m
43,0A 12,7mA |17,7 A/m 0,2 A/m
48,0A 154 mA |18,0 A/m 0,2 A/m
62,0A 26,0 mA |17,9 A/m 0,3 A/m
76,0A 54,6 mA |17,7 A/m 0,6 A/m







- MEASUREMENTS

INCLINATION
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INCLINATOR

magnetic needle freely moving
Fishing string round horizontal axis.

\ /

Two stands —

This is how our
inclinator looks like.




INCLINATION - MEASUREMENT

We have expected the inclination to be from 60 to
/70 degrees. Our experiment confirmed that.




