
16. Small Fields

Construct a device based upon a 

compass needle and use your device to 

measure the Earth’s magnetic field. 
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EARTHôS MAGNETIC FIELD
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Horizontal 
component Hz

Vertical
component Hv
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Tangent 
galvanometer

Sine galvanometer

Lamontôs variation 
method

Magnetic needle 
oscillations

Gaussôs method

Rotary coil

MEASUREMENT METHODS

Tangent 
galvanometer



TANGENT GALVANOMETER

Magnetic field with known 
value (Hk)

Earthôs 
magnetic field 

(Hz)
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A

POWER SUPPLY 

EXPERIMENTAL SET-UP

A

AMMETER

HELMHOLTZ COILS



HELMHOLTZ COILS
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n number of turns

I current 

r radius of the coil

Hc  magnetic field intensity

z   distance from the coil

Magnetic field intensity      
at distance z from one 
coil on the coilôs axis:

r
z



HELMHOLTZ COILS

n number of turns

I current

r radius of the coil

Hc  magnetic field intensity 
generated by coils

Magnetic field from two coils 
is nearly uniform in the 
middle between those coils
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The strength of such 
magnetic field is 
described by this formula:
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HELMHOLTZ COILS
Because of the superposition of the 

I=50 mA       n=240       r=0.1325 m

d ïdistance from the centre           
of the device.

Hc ïMagnetic field intensity.

Hc

d [m]

Nearly uniform 
magnetic field.



MEASURING DEVICE



1st experiment

a

a=20.0Á

I=5.1 mA



a

a=43.0Á

I=12.7 mA

2nd experiment



a

a=48.0Á

I=15.4 mA

3rd experiment



4th experiment

I=26 mA

a

a=62.0Á



5th experiment

I=54.6 mA

a

a=76.0Á



MEASUREMENT RESULTS

I Hc a Hz

1. 5.1    mA 6.6   A/m 20.0Á 18.2   A/m

2. 12.7  mA 16.5 A/m 43.0Á 17.7   A/m

3. 15.4  mA 20.0 A/m 48.0Á 18.0   A/m

4. 26.0  mA 33.7 A/m 62.0Á 17.9   A/m

5. 54.6  mA 70.8 A/m 76.0Á 17.7   A/m
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a Magnetic needle deviation 
angle

Hc Intensity of magnetic field 
generated by the coils

Hz Horizontal component of 
Earthôs magnetic field

I    Current intensity



Intensity of magnetic field generated by Hemholtz 
coils vs deviation angle
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MEASUREMENT RESULTS



VERTICAL COMPONENT

magnetic

needle
Helmholtzôs 

coils



VERTICAL COMPONENT

Earthôs magnetic 
fieldôs lines

Coilsô magnetic
field

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



VERTICAL COMPONENT

Earthôs magnetic 
fieldôs lines

Coilsô magnetic
field

If the vertical component and the coilsô magnetic field are 
equal, the needle aligns with the horizon



VERTICAL COMPONENT-RESULTS

magnetic needle the needle 
aligned with the horizon when 
the current was 33 mA:

we calculated intensity of 
magnetic field generated by 
coils:

the magnetic field generated 
by coils and vertical 
component are equal, so:

mAI 33=
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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:

Vertical component:

Inclination:

Total Earthôs magnetic fieldôs intensity:

[]
m
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zH 3.00.18 °=
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¯= 2.67q
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AH 4.03.46 °=
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We used programs:

Scientific WorkPlace

The Gimp 1.2
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DISCUSSION



MAGNETIC NEEDLEôS OSCILLATIONS



I- Moment of inertia of the needle

m- Magnetic dipole moment

m0- Vacuum magnetic permeability

T- Needleôs oscillations period

Hz- Horizontal component of Earthôs 
magnetic field
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MAGNETIC NEEDLEôS OSCILLATIONS

From these:

we get:

and finally:



Magnetic needle oscillations
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Intensity of Earthôs magnetic field

cos
zH

H
q

=
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Hz Horizontal component of 
Earthôs magnetic field

q inclination



Induction

0z zB Hmm=



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
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ERROR ANALYSIS
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For our analysis it comes to the function:
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The formula for the measurement error:

and



ERROR ANALYSIS

Hence:
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1296,08tºWe calculate t as:

Digital amperometer [ ]0,1MAXI mAD =

Computer angle measurements 0,5MAXaD = ¯



ERROR CALCULATIONS

Angle 

a

Current 
I

Hz Error |DHz|

1 20,0Á 5,1   mA 18,2   A/m 0,1    A/m

2 43,0Á 12,7 mA 17,7   A/m 0,2    A/m

3 48,0Á 15,4 mA 18,0   A/m 0,2    A/m 

4 62,0Á 26,0 mA 17,9   A/m 0,3    A/m

5 76,0Á 54,6 mA 17,7   A/m 0,6    A/m





INCLINATION - MEASUREMENTS

67,0°67,5° 67,0°

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



INCLINATOR
magnetic needle freely moving 
round horizontal axis.Fishing string

Two stands

S N
.

This is how our 
inclinator looks like.



INCLINATION - MEASUREMENT

67,0°67,5° 67,0°

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


