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Abstract. A simple experimental setup for measuring the Planck’s constant which is using Landauer quantization of the conduc-
tance of touching golden wires is described. It is consisted of two golden wires with thickness of 500 µm and 1.5 cm length, and a
fast operational amplifier. The setup costs less than $30 and it can be realized in every teaching laboratory in 10 days. The usage
of oscilloscope is required.

INTRODUCTION

The quantization of the conductance was predicted by Rolf Landauer in 1957 [1]. See, for example, Landauer’s [2]
and Büttiker’s [3] surveys. Fifty years later, the observation of the conductance quantum and its usage for determining
the Planck constant has become an ordinary experimental work for students [4][5][6][7]. The present work describes
such an experimental setup that was and can be realized in every teaching laboratory. It is robust and repeatable in the
time frame of three hours (the duration of the laboratory class). All of the used materials are broadly available and the
construction of the setup requires minimum technical skills.

The theoretical model is described in the unabridged preprint version of the present work [8].

EXPERIMENTAL SETUP

Electric circuit
The experiment is conducted using the electric circuit presented on FIG. 1. This circuit is similar to the one used in
[5].

For observing the time-dependence of the conductance and its quantization, the current through the conducting
wires is measured using a current to voltage converter, as it is shown on FIG. 1.

When the gold wires form one quantum of conductance, they can be presented as a resistance r1 = 12.9 kΩ. In
this case, FIG. 1 shows the scheme of an inverting amplifier, which measures the input voltage Uin from the voltage
divider (R1 : R2). For the values of R1 = 10 Ω and R2 = 300 Ω the voltage drop on R1 of the divider is approximately
100 mV. The value of R1 is chosen in such way that the voltage divider is not loaded by the input resistance of the
inverting amplifier for the first tens of the quantum resistances R1 � rN ,N = 1..10. The value of R2 is chosen such
that the output voltage from the divider is less than the maximum output voltage of the inverting amplifier divided by
its gain Gn for the first tens of the quantum conductance Uin = 3 VR1/(R1 + R2) < 9 V/GN ,N = 1..10.



FIGURE 1. Electrical scheme for measurement of Plank’s constant. Crossed lines represent two gold wires. The current to voltage
converter that is used has output voltage proportional to the input current Uout = R f I. The input current that flows also through the
golden wires is given by the conductivity I = σUin, where Uin is the output voltage from the voltage divider. So the output voltage
is proportional to the conductivity of the golden wires Uout = σR f Uin.

The voltage gain of an inverting amplifier is given as

GN =
Uout

Uin
= −

R f

rN
(1)

The used op-amp is TL071. It has bandwidth 3 MHz corresponding to gain G = 1. Since the product of the bandwidth
of an op-amp with its gain is constant, the bandwidth of the used inverting amplifier is B = 0.8 MHz. This is much
smaller than the bandwidth of the used oscilloscopes [9], which makes them appropriate for the measurement of the
output voltage Uout. The bandwidth of the inverting amplifier is also high enough so that we can measure the first
few quantum steps with length greater than 1/B = 1.25 µs. This is the reason to choose relatively small value of
R f = 47 kΩ, so that the gain is also kept small and respectively the bandwidth is high.

The aim of the experiment is to determine the conductance of the gold wires. This conductance and thus resistance
is quantized and related to the Planck’s constant as
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The resistance rN = − Uin
Uout

R f is obtained by measuring the value of Uout corresponding to the N th quantum level.
Therefore, the Planck’s constant is

h = 2 q2
e rN N = −2 q2

e R f N
Uin

Uout
. (3)

It is expressed by physical constants and experimentally determinable parameters and variables of the setup.

Construction of the setup

The setup consists of an electrical (FIG. 2 (a)) and a mechanical (FIG. 2 (b)) part, which are connected with coaxial
cables.

The mechanical part is constructed in a way to provide slow movement of the gold wires when they form or
destroy an electric contact. The gold wires are soldered on top of big springs. The wires are made of commercial
24-karat gold for jewelry. They are 15 mm long and 0.5 mm thick. Each spring is made of copper and is 1.5 mm thick
and 9 cm long. They have 20 turns with a diameter of 2 cm. The springs are soldered on a cooper plate, which is
separated in the middle to form two individual conducting surfaces.

The electric circuit is implemented in a blue metal box of STR8 which serves as a Faraday cage. The DC voltage
source is a 3 V battery cell. The operational amplifier TL071 is supplied by two batteries of 9 V. The switch breaks
the power supply of the op-amp.



(a) (b)

FIGURE 2. (a) Electrical schematic inside the metal box. 1 - generator, 2 - operational amplifier TL071 [10], 3 - switch 4 - batteries
supplying the op-amp [10], 5,6 - BNC connectors. (b) The mechanical part - 15 mm long, 0.5 mm gold wires soldered on 1.5 mm
spring-shaped copper wires.

RESULTS

The input voltage is Uin = 97.3 mV. Figure 3 presents a photograph of the oscilloscope’s display. It illustrates the
op-amp output voltage as a function of time. This measurement is performed by V. Gourev using a Rigol DS1052E
digital oscilloscope.

FIGURE 3. Three steps of quantized conductivity as a function of time can be seen in the regime of connection of the gold wires.
A 50 MHz bandwidth oscilloscope is used. The X-axis is set to 100 µs and the Y-axis is at 500 mV. The step between the markers
with height of 360 mV and length of 60 µs corresponds to a single quantum conductance unit.

Planck’s constant evaluated as a mean value and standard deviation of our measurements represented in Table 1
is

h = (6.54 ± 0.45) × 10−34 J s . (4)

The deviation from the CODATA 2010 recommended value (h = 6.626 07123(133) × 10−34 J s) [11] is 1.3%.

CONCLUSION

Being ubiquitous in our everyday life, it is hard to believe how handy the contact between metal conductors can be
for measuring a fundamental physics constant. It took years to measure Planck’s constant with high accuracy, but if at
least 2% accuracy are satisfying enough, $30, 10 days and a couple of clumsy students are all the resources you need.
Since different approaches are possible, a dose of enthusiasm and preciseness may become the fuel for a valuable
accomplishment, making it worthy for the teaching assistant to participate in.



TABLE 1. Results from different experiments con-
ducted with the proposed setup.

Output
voltage

Uout,[mV]

Number
of channels

N

Planck’s
constant

h, [10−34J s]
720 2 6.522
760 2 6.179
1800 5 6.522
360 1 6.522
440 1 5.336
360 1 6.522
320 1 7.337
360 1 6.522
320 1 7.337
720 2 6.522
700 2 6.708
360 1 6.522
360 1 6.522
360 1 6.522
360 1 6.522
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