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Abstract
A Franck-Hertz experiment is adopted in our undergraduate laboratory by
using a cylindrical tetrode tube filled with argon vapor. The Franck—Hertz
curves, i.e. the variation of the anode current via the accelerating voltage, are
experimentally measured, and the key roles of the filament voltage, the control
voltage, and the retarding voltage played in the experiments are studied.
Diagrams of the micro-elastic/inelastic collisions between the electrons and
argon atoms, which are of significance for students to build a connection
between the macroscopic measurements and microscopic collisions occurring
inside the Franck—Hertz tube, are schematically presented based on the
experimental results. The peak/valley interval in the experimental Franck—
Hertz curves of argon vapor increases as the accelerating voltage increases.
The results further suggest that the lowest excitation energy of an argon atom
cannot be exactly derived from the experimental results since all the four sub
energy levels within the first excitation energy state of the argon atom are
involved in the inelastic electron—atom collisions.

Keywords: Franck—Hertz curve, elastic collisions, inelastic collisions, lowest
excitation energy
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1. Introduction

In 1914, James Franck (1882-1964) and Gustav Hertz (1887-1975) presented their experi-
ments involving bombarding mercury vapor atoms with slow electrons, and discovered that
the energy exchange between mercury atoms and the electrons occurred in distinct steps of
4.89eV through electron—atom collisions [1]. They reported later that year on the light
emission at A = 253.7 nm by the mercury atoms that had absorbed energy from electron—
atom collisions [2]. These so-called Franck—Hertz experiments were the first demonstration of
the existence of the quantized atomic energy levels proposed by Bohr. Franck and Hertz were
awarded the 1925 Nobel Prize in Physics for their ‘discovery of the laws governing the
impact of an electron upon an atom’ [3].

The Franck—Hertz experiments laid the foundation of modern physics [4, 5], and are
essential knowledge for students learning atomic physics and quantum mechanics. The
reproduced experiment is universal in the undergraduate laboratory, and mostly carried out
with mercury [6-9] and neon [10]. Argon is the third most abundant gas in the Earth’s
atmosphere, and the electron impact excitation of argon atoms is found in space applications
[11, 12]. We reproduce the Franck—Hertz experiment on our undergraduate physics course
with low-pressure argon vapor at room temperature, in which case the mean free path of the
electrons remains almost unchanged, therefore the experimental results are stable. This
enables students to carry out the experiments under various power supplies, to obtain an
analyzable series of experimental data.

The main objective of this work is to help both students and tutors better understand the
quantum concepts and phenomena from the Franck—Hertz experiments. By analyzing the
macro-measured Franck—Hertz curves, we discuss the problems encountered by students but
not shown in textbooks. Furthermore, the microscopic electron—atom collisions are graphi-
cally discussed, leading the students from macroscopic measurements to the microscopic
electron—atom collisions. The discrete peaks and valleys in the experimental results indeed
demonstrate the quantized energy in argon atoms. However, a certain low excitation energy of
argon atoms cannot be derived from the data as assumed in the general experiments
textbooks.

2. The argon Franck—Hertz tube

The setup we used for Franck—Hertz experiments in our undergraduate laboratory, including
the Franck—Hertz tube, is bought from a Chinese company named Sichuan Shiji Zhongke
Photoelectric Technology Co., Ltd. The tube is the most important component for the Franck—
Hertz experiments. In analogy to the tube made for Franck—Hertz experiments with mercury
[13, 14], we adopt an evacuated cylindrical shaped glass tube filled with low-pressure argon
vapor at room temperature. The pressure inside the glass tube is difficult to measured and is
estimated to be around a few mbar [12]. This tetrode tube, schematically shown in figure 1, is
akin to an earlier described version [15].

In contrast to the plane-parallel electrode arrangement usually adopted in the under-
graduate laboratory, our tube contains four cylindrical electrodes, i.e. the cathode K (dark
grey) with the filament F (red) inside, the control grid G; (purple), the accelerating grid G,
(blue), and the anode A (orange). The inner filament F is a two-way twisted tungsten wire
coated with an alumina insulating layer. The cathode K is a ternary (Ba—Sr—Ca) oxide coated
nickel pipe 1.2 mm in diameter. The work function of the cathode K should be as small as
possible to guarantee the steady emission of electrons. The control grid G; and the
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Figure 1. Schematic of the vacuum Franck—Hertz tube filled with argon vapor and its
outside power supplies used in this experiment. The tube contains the filament F (red)
and four cylindrical electrodes, i.e. the cathode K (dark grey), the control grid G,
(purple), the accelerating grid G, (blue), and the anode A (orange).

accelerating grid G, are 1.8 and 11.8 mm wide helixes, which are rounded with molybdenum
wires with 0.08 and 0.12 mm in diameter separately. The grid G, is located in close proximity
to the cathode K, while the distance between K and G, is much longer to guarantee the
collisions between the argon atoms and the moving electrons. The anode A, which is an
aluminum-coated iron cylinder 16.0 mm in diameter, is located adjacent to the accelerating
grid G; to collect the transmitted electrons. The length of all the above cylindrical electrodes
is ~28 mm.

The power supplies, i.e. the filament voltage Uf, the control voltage Ugk, the accel-
erating voltage Ugyk, and the retarding voltage Uag, of the tube are also schematically
shown in figure 1. In the experiment, the filament under the heating voltage Ug (continuously
variable from 0 to 5.0 V) indirectly heats the cathode K. The electrons, which are near the top
of the Fermi distribution in the cathode K, penetrate the potential barrier and escape from the
surface of the cathode K in a process called thermionic emission. The control voltage Ugk
(continuously variable from 0 to 3.0 V) is maintained at a small positive voltage to control the
charge cloud formed by the emitted electrons over the surface of the cathode K. The emitted
electrons are accelerated toward the anode passing through the accelerating electric field
formed by the accelerating voltage Ugyk (continuously variable from 0 to 90.0 V). After
moving through the accelerating grid G,, the electrons are decelerated by the retarding
voltage Uag, (continuously variable from O to 10.0 V). Only when the kinetic energies
carried by the electrons near G, exceed eUag; can they reach the anode A and give rise to the
anode current I,. The energies carried by the moving electrons depend on the collisions
happened between the electrons and the argon atoms on the way. The magnitude of the anode
current [, is in order of 1077 A and measured with a sensitive DC current amplifier as a
function of the accelerating voltage Ugok.

3. The first excitation energy state of argon atoms

Students need to know the first excitation energy state of an argon atom before the mea-
surements. According to the NIST Atomic Spectra Database [16], there are four sub energy
levels, 1s,, 1s3, 1s4, and 1ss, within the first excitation energy state of argon atoms.

3



Eur. J. Phys. 41 (2020) 035401 L Huang et al

E(V)A
120 b 152 2s%2p°® 3s% 3p° 4s S
2
18} 1S, —1—
1S,
16| _ISs —
114
O_OT Y \

1% 2s% 2p% 3s? 3p®  (Ground)

Figure 2. The first excitation energy level of an argon atom [16].

Figure 2 schematically shows these four sub energy levels of 11.83eV, 11.72¢eV,
11.62eV, and 11.55 eV with respect to the ground energy state of 0 eV for the argon atom.
An atom can be excited from a low-energy state to high-energy state in many ways, e.g. by
absorbing certain energies carried by a specific photon. In Franck—Hertz experiments, an atom
is excited to the first excitation energy state through inelastic collision, i.e. a moving electron
with the kinetic energy equal to or larger than the first excitation energy of an atom collides
with the atom and excites it to the first excitation state. Apart from inelastic collisions, elastic
collisions might occur between an atom and a moving electron whose kinetic energy is lower
than the first excitation energy of the atom in the Franck—Hertz tube. Based on the above
knowledge, most students assume that the atom would be excited to the lowest sub energy
level in the first excitation energy state. So it is worth mentioning that an argon atom can be
theoretically be excited to each of the four sub energy levels shown in figure 2 through
inelastic collision, which is not restricted by the selection rule of radiation jump. The prob-
ability for a specific argon atom being excited to which sub energy level depends on the
velocity distribution of the moving electrons and the excitation cross section of each sub
energy level [17].

However, all the excited atoms undergo de-excitation following the selection rule no
matter which way they are excited. The de-excitation of a meta-stable atom from the sub
energy levels 1s; and 1ss with a lifetime in order of ~10 s is forbidden by the selection rule,
whereas the sub energy levels 1s, and Is, de-excite within a lifetime in the order of ~10™%s
[17]. Take one of the four sub energy levels in the first excitation energy state of argon atoms,
for example the sub energy level 1s, of 11.83eV. The corresponding wavelength of the
emitted photons can be calculated with the Planck relation:

he  6.63 x 1073 x 3.00 x 108

A =
AE, 1.60 x 1071 x 11.83

= 1.051 x 102 (nm).

We cannot observe directly such emission in Franck—Hertz experiments since it is the
deep ultraviolet light outside the visible region. However, students are advised to infer and
picture the micro-collision processes occurring in the tube through analyzing the experi-
mentally measured Franck—Hertz curves. In this way, we help students to build a bridge
connecting the macro-measure of the Franck—Hertz curve and micro-elastic/inelastic elec-
tron—atom collisions occurring inside the Franck—Hertz tube.
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Figure 3. Experimentally measured Franck—Hertz curves with filament heating voltage
Ur of 3.8 V (black), 3.9 V (red), and 4.0 V (blue). Correspondingly, the control voltage
Ugik is fixed as 1.0 V and the retarding voltage Uagy as 8.0 V. The Ugok values
corresponding to each peak and valley of the curve are denoted as Up; and Uy; (i = 1,
2,3, 4,5, 6), respectively.

4. Role of power supplies on macro-measured Franck—Hertz curves

In order to enlighten students on the underlying physics of the Franck—Hertz experiment, they
are advised to carry out the macro-measure of the anode current I, variations with various
power supplies of Ug, Ug 1k, and Uag,, under the accelerating voltage Ugok increasing from
0 to 88.0 V with a step of 0.2 V.

4.1. Role of the filament heating voltage Ur

First, the students measure the Franck—Hertz curves at various Uy between 3.8 and 4.0 V, to
discover the role the filament heating voltage Ur plays in the experiments. Under each value
of Uf, the control voltage Ugk and the retarding voltage Uxg, are fixed as 1.0V and 8.0V,
respectively. The experimentally measured Franck—Hertz curves with the filament heating
voltage Ur of 3.8 V (black), 3.9V (red), and 4.0 V (blue) are shown in figure 3.

Slightly increasing the filament heating voltage Ufg results in an overall significant
increase of the anode current L, which means that more moving electrons overcome the
retarding electric field and contribute to the anode current /, under the same accelerating
voltage Ugyk. This is due to the temperature of the cathode K increasing dramatically with a
small increment of the filament heating voltage Ug, and the quantities of the electrons emitted
from the cathode K by thermionic emission increase sharply according to the Richardson—
Dushman equation [18]

Jo = AT exp (=W, /KT,)

where J, is the current density formed by the emitted electrons, A, is the Richardson’s
constant of the cathode K, T, is the absolute temperature of the cathode K, W, is the
thermionic work function of the cathode K, and k is Boltzmann constant.

As shown in figure 3, the anode current I, rises from zero at ~9.8 V for the three curves.
This value is mainly determined by the retarding voltage Uag, (fixed as 8.0 V), the control
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Figure 4. Experimentally measured Franck—Hertz curves with the control voltage Ugx
of 0V (black), 0.5V (red), 1.0V (blue), and 1.5V (cyan). Correspondingly, the
filament heating voltage U is fixed as 4.0 V and the retarding voltage Uag, as 8.0 V.

voltage Ugk (fixed as 1.0 V), and the contact potentials between the electrodes. Each metal
has its unique work function W,, so there is contact potential between any two of the four
electrodes, i.e. the cathode K, the control grid Gy, the accelerating grid G,, and the anode A. It
is hard to experimentally measure the contact potential inside the Franck—Hertz tube. How-
ever, the experimental results indicate that the contact potential is small with the same sign as
the retarding voltage Uago, and it also hinders the moving electrons from reaching the anode.

The experimental results shown in figure 3 imply that the anode current I, is hard to
measure accurately if the filament heating voltage Uf is below 3.8 V. On the other hand, the
anode current /, might overflow and the filament ages rapidly when the filament heating
voltage Uf is above 4.0 V. Therefore, the optimized Uy is 4.0 V for this tube in the following
experiments. Additionally, the positions of the peaks and valleys, denoted as Up; and Uy; in
figure 3, do not shift with an increase in the filament heating voltage. This suggests that the
number of emitted electrons, which is determined mainly by the filament heating voltage Up,
has no influence on the micro-collisions between the moving electrons and the argon atoms.

4.2. Role of control voltage Ugik

Second, students measure the Franck—Hertz curves at various Ug;k between 0 and 1.5V to
study the role of the control voltage Ug;x played in the Franck—Hertz experiment. Under each
value of Ug, the filament heating voltage Ug and the retarding voltage Uxg, are separately
fixed as 4.0 V and 8.0 V. The experimentally measured Franck—Hertz curves with the control
voltage Ug 1k of 0 V (black), 0.5V (red), 1.0 V (blue), and 1.5 V (cyan) are shown in figure 4.

The experimentally measured Franck—Hertz curves in figure 4 show that increasing the
control voltage Ugk results in an overall increase of the anode current [, with a negligible
shift. The inset of figure 4 shows a significant increase of the first peak anode current which is
unobvious when Ugk is zero. The kinetic energies of the electrons very recently escaped
from the cathode surface are very low and the energy distribution is close to the Boltzmann
distribution, with a mean energy near k7, with thermionic emission. The emitted electrons
form an electron cloud over the surface of the cathode K and hinder the successive emission

6



Eur. J. Phys. 41 (2020) 035401 L Huang et al

1000 T T T T T T T
[ —— UaGc2=0V
0.900 [|[—— Uac2=40V 7
0.800 | Uac2=8.0V ]
L I——UaG2=10.0V
0.700 f-|——UaG2=12.0V % i
0.600 | | A
g 0.500 |- ]
£ 0400 | ]
0.300 | ]
0.200 [ A
0.100 | ]
0.000 AL ~A N \i. \i. V]
00 100 200 300 400 500 600 70.0 80.0 90.0

Ucx (V)

Figure 5. Experimentally measured Franck—Hertz curves with the retarding voltage
Uagz of OV (black), 4.0V (blue), 8.0V (cyan), 10.0V (red), and 12.0 V (violet).
Correspondingly, the filament heating voltage Ur is fixed as 4.0 V and the control
voltage Ugix as 1.0 V.

of the other electrons when the control voltage is zero. With a small positive control voltage
Uk, more emitted electrons move forwards to the grid G, attributed to the Schottky effect,
and the energy density of the electron cloud over the surface of the cathode K is remarkably
averaged. The electric field Eg;x between K and G, which are coaxial cylinders, is described
by the following equation, considering the length of the cylinders is much larger than the
diameters [19]:

Usik — Ucon.

rk hlril
'k

Egix =

Here U.,. is the contact potential between K and Gy, r is the diameter of K, and rg; is the
diameter of G;.

In our Franck-Hertz tube, described earlier, r¢ is comparable with rg, whereas the
diameter of G, is much bigger than rk, so the electric field Eg,x formed by Ug;k is much
stronger than the electric field Egyx formed by Ugyk when Ugyk is below Up;. This con-
tributes to the noticeable increase of the first peak and its shift to lower Ug,k, whereas all the
following peaks of the anode current I, have almost the same increment as the accelerating
voltage Ugyk increases. From the experimental results shown in figure 4, students optimize
the control voltage as 1.0 V for the tube in the following experiments.

4.3. Role of retarding voltage Uagz

The last in the series of experiments for the students is to study the role played by the
retarding voltage Upag,. With the optimized Ug and Ugik as 4.0V and 1.0V, students
measure the Franck—Hertz curves at various Uag, from OV to 12.0 V. The experimentally
measured Franck—Hertz curves with the retarding voltage Uag, of 0V (black), 4.0 V (blue),
8.0V (cyan), 10.0 V (red), and 12.0 (violet) are shown in figure 5.

The Franck—Hertz curve without the retarding voltage (see the black curve in figure 5)
only has unobvious peaks and valleys under higher accelerating voltage Ug,k. Increasing the
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retarding voltage Uag, results in the distinction between the peaks and valleys becoming
more obvious, as well as an overall decrease of the anode current /,. The electrons need
greater energy to overcome the retarding electric field as the retarding voltage Uag, increases,
so less moving electrons overcome the retarding electric field under the same accelerating
voltage Ugok by the rule of probability and statistics. Meanwhile, increasing the retarding
voltage Uag, results in the positions of the extremes shifting to higher Ugyk.

As can be seen from figure 5, the first peak and valley in the black curve are off when the
retarding voltage Uag, is off. From the previous analysis of figure 3, we know the position of
the first peak Up; should be larger than the first excitation voltage U, (theoretically from
11.55V to 11.83 V for argon atoms, as shown in figure 2) since the anode current I, rises
from zero at a certain accelerating voltage Ugkx. When the accelerating voltage Ugyk 18
around 11.55V and the retarding voltage Uag is zero, the accelerated electron would reach
the anode A even if it only experienced one inelastic electron—atom collision. Therefore,
almost all the accelerated electrons contribute to the anode current and no first peak/valley is
observed in the black curve. In contrast, the retarding field is difficult for the accelerated
electrons to cross when the retarding voltage Uag, is very large, i.e. 12.0 V. The position of
the first peak Up; is 23.6 V and the corresponding anode current is very low in the violet
curve. From the experimental results shown in figure 5, students would optimize the retarding
voltage Ung, as 8.0V.

5. Results and discussions

After carrying out measurements of the Franck—Hertz curves systematically, students find out
that no matter how the Franck—Hertz curves (particularly the first peak/valley) vary with the
outside potentials, the peaks/valleys in the curves are always discrete and the peak/valley
intervals seem to be equidistant. Students then strive to explain the macroscopic phenomena
observed, and are encouraged to discuss and debate on the following subjects according to
their experimental results.

5.1. Micro-collisions occurring in the tube

Based on the macroscopic variations of the anode current /, measured in the Franck—Hertz
curve, students are advised to infer the microscopic processes between the moving electrons
and argon atoms which occurred in the Franck—Hertz tube. Figure 6 shows the sketches of the
elastic collisions (a) and the inelastic collisions (b) between the moving electrons and the
argon atoms in the sectional view of the tube. As we know, the higher the accelerating voltage
Ugak, the more the gained energies of the moving electrons. The color from green to red of
the moving electrons (the small circles) in figure 6 represents the energy they gained from low
to high under various accelerating voltages Ugyk.

In figure 6(a), the electrons with low kinetic energies (the inner green circles) emitted
from the surface of the cathode K (the middle black dot) are transmitted through the control
grid G, (the purple dashed line) towards the accelerating grid G, (the blue dashed line) under
the accelerating voltage Ugyk. If the energies of most electrons (the small circles in red in
figure 6(b)) around the accelerating grid G, are above eU g, they can reach the anode A (the
orange solid line) and the anode current I, increases; otherwise the electrons (the small circles
in green figure 6(a)) have to stay around the accelerating grid G, and the anode current /I,
goes down.

We know that the experimentally measured anode current /, gradually increases to the first
peak from zero when we slowly increase the accelerating voltage Ugok from 0 to Up,. The
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macroscopic rising stage of the Franck—Hertz curve corresponds to the microscopic elastic
collisions between the electrons and argon atoms. The kinetic energy of a moving electron
gained from the accelerating electric field is below eUp; and not high enough to excite an argon
atom (the big black circles) under such circumstances, therefore the moving electrons only
experience elastic collisions when they collide with argon atoms. The whole accelerating
electric field is an elastic collision zone (the green area), as shown in figure 6(a). The moving
electrons lose negligible energy during each elastic collision, since the electrons are over one
thousand times less than even the lightest atoms, which means more and more moving electrons
can overcome the retarding electric field and contribute to the anode current Iy,

The experimentally measured anode current I, gradually decreases to the first valley from
the first peak when we continuously increase the accelerating voltage Ug,k from Up; to Uy;.
The macroscopic falling stage of the Franck—Hertz curve corresponds to the microscopic
inelastic collisions between the electrons and argon atoms. Once the accelerating voltage
Ugak reaches Upy, a moving electron might gain enough kinetic energy near the grid G,, and
might impart its certain energy to an argon atom exciting it to the first excitation energy state
through inelastic collisions. With Ug,xk increasing from Up, to Uy, more moving electrons
might excite argon atoms and an inelastic collision zone (the red area), as shown in
figure 6(b), appears. The electrons which only experienced inelastic collision around the
accelerating grid G, are not able to overcome the retarding electric field with their left
energies, therefore less electrons reach the anode and the anode current I, starts to fall.

As the accelerating voltage Ugox continues to increase, the electrons which have
experienced inelastic collision with argon atoms continue to gain kinetic energies, and the
inelastic collision may happen periodically. The microscopic processes as described above
happen repeatedly, and so the experimentally measured Franck—Hertz curve is an analogy to a
periodic recurrent oscillation of the anode current 1,

5.2. Peak/valley intervals in Franck—Hertz curves

The periodic structure of the measured Franck—Hertz curve indeed experimentally confirms
the quantized, discrete energy levels in the Bohr model of the atom. However, can the first
excitation energy level be derived from the peak/valley intervals, as generally assumed in the
physics experiments textbooks? In order to answer this question, students are advised to study
the positions of the extremes and peak/valley intervals in the Franck—Hertz curve experi-
mentally measured with optimized Ug, Ugk, and Uag,, which are respectively set as 4.0V,
1.0V, and 8.0 V. To obtain more extremes, we sweep the accelerating voltage from 0 to
100.0 V with a step of 0.2 V. The positions of the first peak and valley, which vary irregularly
with Ugik and Uagy as discussed in the section above, are not taken into account in the
following discussion.

Table 1 lists the positions, i.e. the accelerating voltage Up; and Uy; (i = 1, 2, 3, 4, 5, 6),
corresponding to the peaks and the valleys, and their intervals AUp; and AUy, i.e. the
accelerating voltage intervals between adjacent peaks/valleys in the above optimized Franck—
Hertz curve. The experimentally derived peak/valley intervals AUp;/AUy; in table 1 show
neither is equidistant, and the higher the accelerating voltage Ug,x, the larger the spacing of
AUp; and AUy;;. This regular pattern of the peak/valley intervals is true for all the experi-
mentally optimized Franck—Hertz curves in our class, and it is also valid in the experiments
with mercury and neon atoms [9].

We attribute the slight increment of peak/valley intervals to the elastic/inelastic elec-
tron—atom collisions which might occur in the experiments. Although the electrons lose
negligible energy by elastic collisions with argon atoms, the directions of the electron
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Table 1. Positions of extremes and peak/valley intervals of the Franck—Hertz curve
experimentally measured with Ug, Ug g, and Uag, of 4.0V, 1.0V, and 8.0 V.

i 1 2 3 4 5 6 7
Up; 199 308 422 538 656 78.0 90.6
Uy; 242 362 478 596 716 838 964

AUp; = Up-Upiy  Nome 109 114 116 118 124 126
AUV[ = UVi'UVi—l None 12.0 11.6 11.8 12.0 12.2 12.6

velocities are changed randomly. So the electron energy distribution is broad and nearly
isotropic in velocity space after many elastic collisions [20]. Each of the four sub energy
levels in the first excitation energy state of the argon atom might be excited through inelastic
collisions regardless of the selection rule, as we mentioned earlier. Therefore the peaks of the
Franck—Hertz curve relate all the four sub energy levels within the first excitation energy state
of argon atoms. Within a very short time in the order of 10~ % s after being excited, the atoms
in the excited states of 1s, and Is, undergo de-excitation to the ground state. These atoms
might collide with the moving electrons and be excited one further time. This implies that the
number of the excited atoms in these two excited energy states is dramatically changed due to
the inelastic collisions and the de-excitation, whereas the number of the atoms in the meta-
stable energy states of 1s3 and 1s5 almost remains stable, since the meta-stable atoms have a
lifetime in the order of 10~ s. Therefore the valleys of the Franck—Hertz curve mainly relate
to the two sub energy levels of 1s, and 1s, within the first excitation energy state of argon
atoms. Furthermore, the energy level of 1s, contributes more to the valleys since its excitation
cross section is about three times greater than that of the 1s, energy level [11].

On the other hand, the energy transfer efficiency during inelastic collisions cannot always
be one hundred percent. The electrons which have experienced inelastic collisions have
certain energies left and the accumulated electrons energies increase as the accelerating
voltage increases.

6. Conclusions

The typical Franck—Hertz experiment is reproduced with low-pressure argon vapor at room
temperature in our undergraduate laboratory. In order to help both students and tutors better
understand the quantum concepts and phenomena from Franck—Hertz experiments, the
influences of three power supplies of the Franck—Hertz tube, i.e. the filament voltage Ug, the
control voltage Ugk, and the retarding voltage Upag, on the experimentally measured
Franck-Hertz curves are studied. The microscopic elastic/inelastic electron—atom collisions
are schematically presented, leading students from macroscopic measurements to microscopic
electron—atom collisions. The experimental results show that both the peak interval AUp,; and
the valley interval AUy; become larger with increasing accelerating voltage. Although the
experimentally measured AUp; and AUy; are close to the four sub energy levels in the first
excitation energy state of argon atoms, the first excitation energy level of an argon atom is
difficult to determine exactly, because all the four sub energy levels are involved in the
inelastic electron—atom collisions occurring in Franck—Hertz experiments.
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