
 

 

 

Excitation ionisation and line spectra worksheet 
35–40 minutes independent practice + 15–20 minutes review | 39 marks 

AQA AS Physics 7407 • First-year A Level 7408 

Specification points covered 

AQA AS 7407 / first-year A Level 7408: 3.2.2.2 — excitation, ionisation, electron collisions, fluorescent tubes 

and electronvolt–joule conversion. 
3.2.2.3 — line spectra as evidence for discrete energy levels; hf = Eupper − Elower. Supporting 3.2.1.3 — photon 

energy E = hf = hc/λ. 

A reference lamp for a sorting system 

An engineering team uses a gas calibration lamp to check the spectrometer on an automated recycling 

line. A lamp cartridge must emit the correct spectral fingerprint before the sorting system is used. The 

team tests a model gas X, then applies the same physics to fluorescent inspection lighting at the site. 

 
Use h = 6.63 × 10−34 J s, c = 3.00 × 108 m s−1 and 1 eV = 1.60 × 10−19 J. For this worksheet, take the visible range as 400–700 nm. 

Show numerical working in blank spaces; write explanations on the ruled lines. 

1. Energy transferred by electrons [2 marks] 

(a) Define the electronvolt. [1 mark] 

 

 

(b) An electron entering the calibration lamp has kinetic energy 3.20 eV. Express this energy in joules. [1 mark] 
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2. Excitation or ionisation [7 marks] 

For Questions 2–5, model gas X using only the four bound levels shown. The 0 eV limit represents an electron just 

freed from the atom. All downward transitions between the bound levels are allowed. Neglect atomic recoil energy. 

Unless a part says otherwise, an atom starts in its ground state E0. 

 
(a) A free electron with kinetic energy 6.00 eV collides with an X atom. Identify the highest energy level it can excite 

and calculate its remaining kinetic energy if this excitation occurs. [2 marks] 

 

(b) Can an electron with kinetic energy 2.80 eV cause electronic excitation of a ground-state X atom? Explain your 

answer. [1 mark] 

 

 

 

(c) An incident electron has kinetic energy 12.50 eV and ionises a ground-state X atom. Determine the minimum 

energy needed for ionisation and the total kinetic energy of the two outgoing electrons. [2 marks] 

 

(d) A 4.00 eV electron strikes an X atom already in E3. Determine whether it can ionise this atom and explain why the 

answer differs from that for a ground-state atom. [2 marks] 
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3. Bound states and photon absorption [6 marks] 

Use the same complete four-bound-level model of gas X from Question 2. Consider one photon–atom or electron–

atom interaction at a time. 

(a) Explain why the bound energy levels in this diagram have negative values. [1 mark] 

 

 

 

(b) Ground-state X atoms are exposed separately to 6.00 eV photons and to 6.00 eV free electrons. Explain why the 

electrons can excite the atoms but the photons cannot cause a bound-state excitation in this model. [3 marks] 

 

 

 

 

 

 

 

(c) An X atom already in E3 absorbs a 4.00 eV photon. Determine whether an electron can be emitted and calculate its 

kinetic energy. Neglect recoil. [2 marks] 

 

4. Photons from a cascade [8 marks] 

The beam energy is raised to 8.00 eV, so collisions can populate E3. Use the same X energy levels. Add your transition 

arrows for part (b) to the diagram in Question 2. 

(a) For a direct transition from E3 to E1, calculate the photon energy in eV and its wavelength in nm. Identify the region 

of the electromagnetic spectrum. [3 marks] 

 

(b) On the diagram in Question 2, draw the cascade E3 → E2 → E1 → E0. Label each downward arrow with the energy 

of its emitted photon in eV. [3 marks] 

(c) Among all allowed transitions between these four bound states, identify the one producing the longest wavelength. 

Calculate this wavelength in nm. [2 marks] 
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5. Accept or reject the lamp cartridge [7 marks] 

The spectrometer records the two visible lines shown. Only candidates X and Y are being considered. Candidate Y 

would have visible lines at 430.0 nm and 590.0 nm. Treat a measured line as a match if its wavelength is within 1.0 nm 

of the prediction. The observed line positions are schematic: use their numerical labels. 

 
(a) Only two transitions in model X produce light in the stated 400–700 nm visible range. Identify these two transitions 

and calculate their wavelengths. [3 marks] 

 

(b) Which candidate is consistent with the measured pair? Use numerical evidence for your choice and rule out the 

other candidate. [2 marks] 

 

 

 

 

 

(c) Explain why narrow emission lines, rather than a continuous spectrum, provide evidence for discrete atomic energy 

levels. [2 marks] 
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6. From ultraviolet to inspection light [9 marks] 

The same team tests a fluorescent inspection lamp. Electron collisions in its low-pressure gas produce 250 nm 

ultraviolet photons. An inner coating absorbs these photons and emits visible light. This is a separate model from gas 

X. 

(a) Calculate the energy of one 250 nm ultraviolet photon in electronvolts. [2 marks] 

 

(b) In one possible event in the coating, the energy of one absorbed ultraviolet photon produces two 550 nm photons. 

The remaining energy is transferred to thermal stores. Calculate this remaining energy per event in eV. [2 marks] 

 

(c) Explain how electron collisions in the gas cause ultraviolet emission. [2 marks] 

 

 

 

 

 

(d) Explain how the coating produces visible radiation, and why the overall light can appear white rather than having 

one colour. [3 marks] 

 

 

 

 

 

 

 


