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Dmytro Spinov

As of 2019, the International System of 
Units (SI) defines the kilogram from the 
Planck constant, which is now defined 
exactly as 6.62607015×10−34 Js. Propose and 
make a room-temperature experiment 
to calibrate a weight of one gram with 
maximal precision using the new 
definition (you may freely measure the other 
primary units with your equipment 
considering them calibrated at the room 
temperature too).



2Translation of the problem into the
language of metrology
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Physical 
constants

We need to determine a relationship
between kg and physical 

constants using experiments
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Speed and gravitational constants
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38.9	𝑉17.8𝑉

21.1	𝑉

𝑈YZc = 21.1 ± 0.3 , 𝑉

𝑈QRSQ = 21.2, 𝑉

δf = 0.014
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Between magnets creates a field 
in which we place the coil

Friction in the bearing
𝐹��	 ≈ 0.2	N

The attraction force of the magnet is 5.45 kg.

Kibble balance experimental setup

R=(10.2±0.01)Ω

N≈850	wind

m=(355±1) g
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get U(t)

get x(t)

Kibble balance calibration
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Сoil trajectory spline Velocity vs time

Coil velocity
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k=(1.73±0.05), x�
z

�
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δ�=0.03
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𝑚 =
𝑉 
𝑔𝑣 𝐼 −

𝐹��
𝑔 = 𝑘∗	𝐼 −

𝐹��
𝑔

𝑘∗	 = 0.176 ± 0.005 ,
𝑘𝑔
𝐴

.

Comparison of calibration with
experiment data

𝑚?�� = (99 ± 25),	g
δ�=0.25

Mass with the best
accuracy we have achieved
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We proposed room-temperature 
experiments to determine the kilogram

using Planck constant

We made the Franck-Hertz
experiment to determine the voltage

We  made the Quantized 
conductance experiment
to determine resistance

We made and calibrated
Kibble balance

We measured the mass. 
The best precision we got is 25 %.

𝑚?�� = (99 ± 25),	g
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Thank you for your attention!

If you have any questions, I‘ll be happy to answer them

h m



26

𝑚 =
𝐼𝑉
𝑣𝑔 =

1
𝑣𝑔

𝑉𝑉�
𝑅 =

1
𝑣𝑔 𝐶𝑓?𝑓6

ℎ
2𝑒	

ℎ
2𝑒	

𝑒6

ℎ =
𝐶𝑓?𝑓6
4

ℎ
𝑔𝑣	

𝑚 =
𝐼𝑉
𝑣𝑔 =

1
𝑣𝑔 𝑘f?

ℎ𝑐
λ	𝑒 𝑘f6

ℎ𝑐
λ	𝑒 	

1	
𝑘�
2𝑒6

ℎ =
2
𝑣𝑔	

𝑘f?𝑘f6
𝑘�

ℎ𝑐6

λ6

Compare definitions

My definition:

NIST definition:

Coefficient of the ratio of the
measured value to the standard𝑘
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Field between magnets

Magnetic field simulation
Calculation in Wolfram mathematica
with a magnetic dipole model 
(Approximate values ��are taken)



Comparison of calibration with and without 
friction
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𝑚 =
𝑉 
𝑔𝑣 𝐼 = 𝑘∗	𝐼

𝑘∗	 = 0.176 ± 0.005 ,
𝑘𝑔
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𝐹��	 ≈ 0.2	N

.

𝑚 =
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𝑔



Relative error vs. mass
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30Oscillogram of current flow
through contacts



31Helium excitation wavelength

λ = 58	nm


