
 Using LEGO bricks to setup a simple Watt balance.

 Using the Faraday’s law and Lorentz force , we can get the ratio of the

Planck’s constant(ℎ) and the conventional Planck’s constant(ℎ90).

 Planck’s constant – a physics constant, published in 1900, which is a

fundamental constant in quantum mechanics.

 Black body radiation experiment – first time to obtain the value of Planck’s

constant

 Conventional units – in 1990, the standard voltage and the standard

resistance had been redefined though the Josephson effect and the quantum

Hall effect.

 𝒉𝟗𝟎 – defined by the Josephson effect and the quantum Hall effect.

Goals

Theory

 Watt balance – a balance with two coils that has two operation modes, force

mode and velocity mode.

 Force mode – base on Lorentz force 𝐹 = 𝐵𝐿𝐼 and we can get the BL in force

mode (𝐵𝐿)𝐹=
𝐹

𝐼
.

 Velocity mode – base on Faraday’s law 𝑉 = 𝐵𝐿𝑣 and we can get the BL in

velocity mode (𝐵𝐿)𝑉=
𝑉

𝑣
.

 The ratio between SI units and conventional units –
ℎ

ℎ90
=
(𝐵𝐿)𝐹
𝐵𝐿 𝑣

=
𝑚𝑔𝑣 𝑆𝐼

𝑉𝐼 90

Background

Experiment setup

Results and Discussion

Summery

 Force mode – we want to find the ratio of the gravity force and the Lorentz

force, so we set a very thin pin at the end of the balance and a photodiode

system. When the balance deviate from the balance position, the voltage of

the photodiode will change and we can adjust the input current until the

voltage return to the initial value.

 Force mode - F(N)-I(A)        result:(𝐵𝐿)𝐹=0.1067(N / A)
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 We have learned the relation between Planck constant(ℎ) and the conventional

Planck constant(ℎ90) and then we can measure the ratio though the experiment

 We build a watt balance to measure the product value of the B and L in the

two mode

 We finally get the ratio of the SI unit and the conventional unit.

 Watt balance(fig.3)

• Coils – 25m in 400 

rings

• Magnets – 6mT in the 

horizontal direction

 Our
ℎ

ℎ90
=

(𝐵𝐿)𝐹

𝐵𝐿 𝑣
=

0.1067

0.1063±0.0092
~𝟏. 𝟎𝟎𝟑𝟕 ± 𝟎. 𝟎𝟗𝟓

 The Planck’s constant in our experiment is about 6.650585304745

 The theoretical value is
6.62606957

6.62606885
× 10−34~𝟏. 𝟎𝟎𝟎𝟎𝟎𝟎𝟏 so the error is about

𝟎. 𝟑𝟔 ± 𝟗. 𝟖%.

 We think the error may come from the friction of the balance and the uneven

magnetic field of the magnets.

 Velocity mode – in velocity mode, we want to find the ratio of the coil’s

velocity and the voltage of the coil. We build a optical lever on the top of the

balance to amplify its displacement. Then using the tracker to analysis the

displacement of the light point.

 Velocity mode - V(volt)-v(m/s)        result:(𝐵𝐿)𝑣=0.1063±0.0092 (V s/m)
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