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Current Balance of Lord Kelvin, circa 1882
(predecessor of the Watt/Kibble balance)




Utilize new inexpensive digital scale (under
$25, 0-20 gram with milligram resolution)

AWS Gemini-20




3-D printed stand with two parallel coils,
radius r=2.86 cm, N=84 turns. (One rests on

pedestal on scale pan, and the other is fixed
In plastic stand.)




Theory: The magnetic force between two current circles, each

carrying current |, of radius a and separated by a distance c, may
be expressed in terms of the elliptic integrals of the 1st (K) and 2nd

(E) kinds. Defining the modulus k = NTT and assuming
superposition of N-turn coils, the force (Sl units) is given by:

2 2
Fa,¢,[,N) = pN°I* = [-K() + 3= E(k)] (1

For the spacing c << r coil radius, Eqn. (1) reduces to the familiar
(algebra-based intro) expression for long parallel wires :

F(a,c, I, N) = ,uONZIZ% (2)

Note: Equations (2) and (3) are within 4% of each other at a separation
of 5 mm for our apparatus (average radius r = 2.86 cm).



Theory (continued): Alternatively, in the limit where the
spacing c>>a radius, then the fields from the colils become
magnetic dipole-like and the magnetic force reduces to:

F(a,c,I,N) = %n,uONZIZ(%)‘L (3)

(In our case, the separation c would need to be ~25 cm for the
dipole force expression to become valid, so we can neglect (3)!)



Results (Red = data, Solid line = Exact theory, Dotted line = Parallel wire
approximation):

Magnetic Force (gm) vs Current (A) for 6.5 mm Coil Separation
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Force (gm) versus Current (A) for 9 mm Coil Separation
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Results:
Force (gm) versus Current (A) at Separation 16.0 mm
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Theory (continued): The mutual inductance for parallel current
circles is also given in the literature in terms of the same elliptic
Integrals:

2 2
M(a,k,N) = poaN?[(; — k) K() =T E(K)]  (4)
It may also be measured for the parallel current circles using a
signal generator and voltmeters (i.e., Pasco 850 and Capstone

software) and compared to theory. Excellent agreement is also
obtained (6.5 mm separation)

Results: Mipeory= 0.41 mH, M.y, = 0.43 mH.



Mutual Inductance Measurement:




Conclusions:

e We have developed an accurate compact, low-cost version of the Kelvin
current balance suitable for physics laboratory instruction. The coil
separation may be discretely varied with a set of pedestal legs.

* The permeability of free space 1t,may also be extracted.

e [t may also be used for the quantitative measurement of mutual inductance
between the coils as a function of separation.

Thank you!

PS: The apparatus will soon be available from Tel-Atomic.
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