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I. Background theory.

Planck’s law.

Model of the atom and Bohr's quantum postulates.

The energy of an electron in the Coulomb field of the nucleus.
Electron configurations in atoms.

Term symbols.

Fine structure terms.

Electronic configuration and energy levels of mercury and neon.
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Collisions of electrons with atoms:

a) elastic collisions;
b) inelastic collisions;
c) mean free path of electrons in a gas.

9. Franck-Hertz experiment in mercury vapour and a neon lamp.

II. Experimental tasks.

Refer to the setup shown in Picture 1, the schematic connection diagrams for Ne and Hg lamps

in Figures 2 and 3 and the description of the control unit in Appendices A and B.

Picture 1. Franck — Hertz experimental setup: 1 and 3 — Franck-Hertz tubes
Ne and Hg respectively ; 2 — control unit ; 4 — thermocouple; 5 — computer.
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1. Measure the anode current | as a function of accelerating voltage V for both Franck-Hertz lamps
— for the Ne lamp at room temperature ; for the Hg lamp in the range 175 °C — 215 °C in 10 °C
intervals.

To do this, refer to the diagrams in Figures 2 and 3 to connect the lamps to the control unit.

kolektor U‘A' J_ J____ kole_k_tor_ ________ @ l J__.
=+ ST = T
R : ; ;
anoda — F------ —1 anoda —ra T
Ne p— U, plec —)": i
siatka P ! : ]
kontrolna C\‘ katoda i - U, C\D
katoda T i i
Uy Uy
Figure 2. Ne lamp circuit diagram. Figure 3. Hg lamp circuit diagram.

The steps which follow should be performed according to the instructions given in Appendices A
and B.

1. Preparing measurement results.
For the neon lamp :

a) plot the dependence | =f (V) of the anode current on the accelerating voltage;
b) interpret the resulting graph I=f(V);

c) determine the excitation potential of Ne atoms;

d) explain the appearance of lowing layers of neon in the tube (Picture 5);

e) identify the transitions associated with excitations of Ne atoms (Figure 6);

f) calculate the wavelength emitted by Ne atoms during a ground state transition;
g) calculate the mean free path of electrons in the neon lamp.

For the mercury lamp :

a) Plot graphs of the anode current as a function of accelerating voltage | = f( V) for the given
range of temperatures of the mercury vapour;

b) determine the excitation potentials of mercury atoms at each temperature;

c) identify the transition to the excited state in Hg (Figure 7);

d) calculate the wavelength of the radiation emitted by the Hg atoms;

e) based on the plots in step a), explain the changes in the anode current for the given
temperatures.
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III. Apparatus.

Franck-Hertz neon lamp.
Control unit.
Franck — Hertz lamp with heated mercury vapour.

Ni Cr-Ni thermocouple.
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Computer.
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Appendix A

Instructions for the Franck-Hertz neon lamp

Refer to the following description of the control unit front panel in Figure 4.

4
13 5

5]
12

Figure 4. Front panel of the Franck-Hertz experiment control unit:

Digital display of chosen parameters T, I, Uy, Uy, Uy, Us;

Display selection;

Measurement method function selection;

Switch heating in the Hg tube on/off;

Start/stop measurements;

Computer connection socket;

Analogue output Y (when working with oscilloscope and recorder);

Analogue output X (when working with oscilloscope and recorder);
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Power supply module Uy, U4, U,, U; for the chosen Franck-Hertz lamp;
. Earth;

. Anode current measurement input;

[ S
N -, O

. Thermocouple connection;

13. Potentiometer for regulating temperature and voltage Uy, U4, U,, Us.

@ Instytut Fizyki Doswiadczalnej

UNIWERSYTET GDANSKI



DLF Experiment 14 : Determining the excitation potential of Hg
SR and Ne atoms in the Franck-Hertz experiment

FIZYCINE

Observation of neon light (with manual operation).

1. Turn on the Franck-Hertz control unit.

2. Press “Function” and select the option “manual”.

3. Press “Display” and select the following settings for the potentiometer:
U,=8,0[V],U,=7,0[V],U3=2,2[V],U; =0[V].

4. Press the “Start/Stop” button. Adjust the potentiometer to increase the voltage U; up to
maximum (99,9 [V]). At the same time, observe the appearance of luminescent layers

between the electrodes of the Ne lamp (as shown in Picture 5.).

Zdjecie 5. Luminescent layers in the Ne lamp.

Measuring | = f( V) for the Ne lamp (automatic measurements).
1. Turn on the computer.
2. Start the program “measure”. Press “Function” on the control unit and select the option
“pC”.

3. Inthe program “Phywe measure 4”, select “New measurement” :

M Phywe measzure 4

File Gauge Measurement Analpsiz ‘window Help

@ Mew measurement... Strg+M

= Open measurement. .. Strg+0 l
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4. Set the following measurement parameters :
End Voltage U,= 99,90 [V]
Voltage U,=7,0[V]
Voltage U;=2,2 [V]
Voltage U, = 8,0 [V]
In the “Display” window, tick U, U,, 15, U3, Uy,.

ATTENTION!

Do not exceed the following voltages:
U;=99,9[V]; U;=8[V]; Us=4[V]; Uy=9 [V].

Franck-Hertz experiment [FHE] - measuning <Senal no.: 90700141-522-11931> E3

[+
-
|7 Voltage U1 _ EMEERALITENE Sl

= voltage L1
Current 14
O Temperature Tact
[ voltage L2
[ voltage U3
[1voltage LUH

In the window “Channels”, tick “Current 1,”. Then click “Continue”.
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5. A measuring window will appear with the selected parameters:

JT=TEY -1/ x|
Current lA f nA Voltage U2 1V
0,63 7,0
—Ioixi ~1alx]
Voltage U1 /v Voltage UH IV
0,00 8.0

J=TE

Voltage U3 /V

2,2

6. Click “Start Measurement”.

Franck-Hertz expeniment [FHE] - measuring

Values 0
Daration 0o:o0:00
| Start measurement Eaye vallie ==
=it ke e Cancel J

7. After a few moments the program will begin measuring, after which a graph will appear of

Ia=f(Uq).
m Unnamed measurement [Unzaved) M=l
A
hA
i
A0+
201
o ()]
1 I I 1 I I 1 I I F e 5
10 20 a0 40 a0 G0 70 aa S0 v
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8. Select the option “Measurement” > “Information” from the program interface

Measurement  &nalysis  Window

3 [Uhdop el poesitles Shoee

i Information...
Digplay optiohs... F2
Labels...

Enter the relevant description in the free field. Then go to “Display options” and

set the values on the x and y axes.

9. After completing all steps, print the plot with the option “Print Measurement”. Select “Show

preview” and select landscape in “Setup”.

—Print Mumbet
* Graphic Copies: |1 :II
" Data

—Cptions

v Eitto page

Fesolution:

[ oy high

O Cancel Setup

1\ ATTENTION!

Before turning off the control unit, set the voltage UH to O [V].
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Appendix B

Instructions for the Franck-Hertz mercury lamp

Measuring | = f( V) for the Hg lamp (automatic measurements) at different temperatures.
1. Familiarise yourself with the control unit functions as shown in Figure 4.
2. Set the heating to position 10 (maximum heating).
3. Turn on the Franck-Hertz control unit.
4. Press “Display” and choose “T.ominai”’. Using the potentiometer, set the temperature to
220°C. Press “Oven on/off”.

4

5. Use the “Display” button to select the reading “T..” and wait until the heating oven
temperature reaches 220°C.

Press “Function” and select “PC”

Turn on the computer and start the “measure” program.

Select “New Measurement” from the measurement interface.

v ® N o

Select automatic control of measurements. Set the parameters as follows:
End Voltage U,=60,00 [V]
Voltage U,=1,5[V]
Voltage Uy=6,3 [V]

Temperature T=175°C.

EEEEEE————————————————————————————
Franck-Hertz experiment [FHE] - measunng <Senal no.: 907001 41-522-11931>
~hlode —FParameter
& automatic contral End valtage L1 IEU.UU v
 rmanual control Yoltage L2 15 W
s data | = e =M 0.0 )
Yoltage UH 63 W
Voltage U1 j Temperature T 175 "
—Channel —Display
& voltage L1 v U1 v IA ¥ Tact
Current A v U2 IuzE 7 UH
[ Temperature Tact
[ voltage U2 [~ Diagram
H voltage U3 Set
[ Voltage UH M Fy
Getvalue Infarmation
& Gh ey HEss Tube: Mercury
r every |1 5 Device wersion: 1.3.7-2
Cancel
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ATTENTION!

Do not exceed the following voltages: U1 =60 [V]; U2=3[V]; UH =
7 [V].

In the “Channels” window, tick “Current 1,”. Then click “Continue”.

10. Wait until the desired temperature is reached :
g Wit until the desired temperature of the
tube has been reached.

Current temperature: 178 °C
Desired temperature: 178 °C

11. A measuring window will appear with the selected parameters:

= ol x| |EE o [=1 |
Current IA / nA Voltage U2 1V
0,67 1,5
=TES =T
Voltage U1 7V Voltage UH TV
0,00 6,3
-IB ]
Temperature Tact/°C

Wait about 20 minutes before starting the first measurement.

12. Click “Start Measurement”.

Franck-Hertz experiment [FHE] - measuring

Daration 00:00:00

| Start rneasurerment Savevalue ==
Sl mEEsUREmERT Cancel sl/
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13. After a few moments the program will begin measuring, after which a graph will appear of I,

=f(U,).

I 448K U2=1.7¥ [C:\WIND OWS\Pulpit\p1 75. msr]

— 448K, Li2=1,7%

14. Record the measurements to a separate file (use “Save measurement as...”)

15. Repeat the measurements for temperatures T = 185°C, 195°C, 205°C and 215°C, saving the
results each time as in step 14.

16. Before each measurement, select “Information” and write a description of the measurement
and then in “Channels” under “Name”, enter the measurement parameters. Under “Display
options”, set the graph scale (x-axis from 0 to 60 [V]; y-axis from 0 to 50 [nA]) and choose a
different colour for each measurement. Repeat these procedures for each successive
measurement. Remember not to close the windows for each measurement.

17. After all measurements are complete, plot a combined graph. To do this, select

“Measurement” and then “Assume channel”.

Measurement  Analpsis  Wwindo

&7 Unda: Information Strg+s

i Infarmatio...
Dizplay optiohs. .. F2
Labels. .

LChannel manager. ..

Azzume channel...

Delete channel ..

Include all the sequential measurements.
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18. Print the plot after following all steps. Use the function “Print Measurement”. Tick “Show

preview” and in “Setup”, select landscape.

Print
—Print Mumber
& Graphic Copies: |1 j
 Data
—Options

[+ Eitto page

Resolution:

low high

]2 Cancel Setup

1\ ATTENTION!

Before turning off the control unit, set the voltage UH to 0 [V].
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Supplemental figures for Experimental tasks Il
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Figure 6. Ne energy level diagram.
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Figure 7. Hg energy level diagram.
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