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1 White light is incident on a cloud of cool hydrogen gas, as illustrated in Fig. 8.1.
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Fig. 8.1

The spectrum of the light emerging from the gas cloud is found to contain a number of dark lines.

(a) Explain why these dark lines occur.

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 ...................................................................................................................................................

 .............................................................................................................................................. [3]

(b) Some electron energy levels in a hydrogen atom are illustrated in Fig. 8.2.
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Fig. 8.2
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One dark line is observed at a wavelength of 435 nm.

(i) Calculate the energy, in eV, of a photon of light of wavelength 435 nm.

energy  =   ................................................... eV  [4]

(ii) On Fig. 8.2, draw an arrow to indicate the energy change that gives rise to this dark line.
[1]
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2 (a) The emission spectrum of atomic hydrogen consists of a number of discrete wavelengths.
Explain how this observation leads to an understanding that there are discrete electron 
energy levels in atoms.

 ..........................................................................................................................................

 ..........................................................................................................................................

 ..........................................................................................................................................

 .....................................................................................................................................  [2]

(b) Some electron energy levels in atomic hydrogen are illustrated in Fig. 7.1.

–0.54 eV

–0.85 eV

energy

–1.5 eV

–3.4 eV

Fig. 7.1
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The longest wavelength produced as a result of electron transitions between two of the 
energy levels shown in Fig. 7.1 is 4.0 × 10–6 m.

(i) On Fig. 7.1,

 1. draw, and mark with the letter L, the transition giving rise to the wavelength of
4.0 × 10–6 m, [1]

 2. draw, and mark with the letter S, the transition giving rise to the shortest
wavelength. [1]

(ii) Calculate the wavelength for the transition you have shown in (i) part 2.

wavelength =  .............................................  m  [3]

(c) Photon energies in the visible spectrum vary between approximately 3.66 eV and
1.83 eV.

Determine the energies, in eV, of photons in the visible spectrum that are produced by
transitions between the energy levels shown in Fig. 7.1.

photon energies  ....................................................................................  eV  [2]
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3 (a) Explain what is meant by a photon.

 ..........................................................................................................................................

 ..........................................................................................................................................

 ..........................................................................................................................................

 .....................................................................................................................................  [3]

(b) An emission spectrum is seen as a series of differently coloured lines on a black
background.

Suggest how this observation provides evidence for discrete electron energy levels in
atoms.

 ..........................................................................................................................................

 ..........................................................................................................................................

 ..........................................................................................................................................

 .....................................................................................................................................  [2]
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4 (a) Explain how the line spectrum of hydrogen provides evidence for the existence of 
discrete electron energy levels in atoms. 

 ..........................................................................................................................................

 ..........................................................................................................................................

 ..........................................................................................................................................

 ..........................................................................................................................................

 ...................................................................................................................................... [3]

(b) Some electron energy levels in atomic hydrogen are illustrated in Fig. 7.1.
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Fig. 7.1

Two possible electron transitions A and B giving rise to an emission spectrum are 
shown.
These electron transitions cause light of wavelengths 654 nm and 488 nm to be emitted.

[1](i) On Fig. 7.1, draw an arrow to show a third possible transition.

(ii) Calculate the wavelength of the emitted light for the transition in (i).

wavelength =  ............................................  m [3]
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(c) The light in a beam has a continuous spectrum of wavelengths from 400 nm to 700 nm.
The light is incident on some cool hydrogen gas, as illustrated in Fig. 7.2.

incident
light

emergent
lightcool hydrogen gas

Fig. 7.2

Using the values of wavelength in (b), state and explain the appearance of the spectrum 
of the emergent light.

 ..........................................................................................................................................

 ..........................................................................................................................................

 ..........................................................................................................................................

 ..........................................................................................................................................

 ..........................................................................................................................................

 ...................................................................................................................................... [4]
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5 (a) State an effect, one in each case, that provides evidence for

(i) the wave nature of a particle,

 .............................................................................................................................. [1]

(ii) the particulate nature of electromagnetic radiation.

 .............................................................................................................................. [1]

(b) Four electron energy levels in an atom are shown in Fig. 7.1.

electron
energy

–0.87 × 10–19 J
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–2.42 × 10–19 J

–5.44 × 10–19 J

Fig. 7.1 (not to scale)

An emission spectrum is associated with the electron transitions between these energy 
levels.
For this spectrum,

(i) state the number of lines,

 .............................................................................................................................. [1]

(ii) calculate the minimum wavelength.

wavelength =  ...........................................   m [2]
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6 (a) Explain how a line emission spectrum leads to an understanding of the existence of 
discrete electron energy levels in atoms.

 ..........................................................................................................................................

 ..........................................................................................................................................

 ..........................................................................................................................................

 ....................................................................................................................................  [3]

(b) Some of the lines of the emission spectrum of atomic hydrogen are shown in Fig. 7.1.

410 434 486 656

wavelength / nm

Fig. 7.1

The photon energies associated with some of these lines are shown in Fig. 7.2.

wavelength / nm photon energy / 10–19 J

410

434

486
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4.85
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……………

3.03

Fig. 7.2

(i) Complete Fig. 7.2 by calculating the photon energy for a wavelength of 486 nm.

[2]
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(ii) Energy levels of a single electron in a hydrogen atom are shown in Fig. 7.3.

–21.80

–5.45

–2.42

–1.36
–0.87
–0.60

energy / 10–19 J

Fig. 7.3 (not to scale)

Use data from (i) to show, on Fig. 7.3, the transitions associated with each of the 
four spectral lines shown in Fig. 7.1. Show each transition with an arrow. [2]
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7 (a) State three pieces of evidence provided by the photoelectric effect for a particulate 
nature of electromagnetic radiation.

1.  ......................................................................................................................................

 ..........................................................................................................................................

2.  ......................................................................................................................................

 ..........................................................................................................................................

3.  ......................................................................................................................................

 ..........................................................................................................................................
[3]

(b) (i) Briefly describe the concept of a photon.

 ..................................................................................................................................

 ..................................................................................................................................

 .............................................................................................................................. [2]

(ii) Explain how lines in the emission spectrum of gases at low pressure provide
evidence for discrete electron energy levels in atoms.

 ..................................................................................................................................

 ..................................................................................................................................

 .............................................................................................................................. [2]
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(c) Three electron energy levels in atomic hydrogen are represented in Fig. 7.1.

increasing
energy

Fig. 7.1

The wavelengths of the spectral lines produced by electron transitions between these  
three energy levels are 486 nm, 656 nm and 1880 nm.

(i) On Fig. 7.1, draw arrows to show the electron transitions between the energy levels
that would give rise to these wavelengths.
Label each arrow with the wavelength of the emitted photon. [3]

(ii) Calculate the maximum change in energy of an electron when making transitions
between these levels.

energy =  ............................................... J [3]
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8 Fig. 2.1 gives information on three lines observed in the emission spectrum of hydrogen
atoms.

Fig. 2.1

(a) Complete Fig. 2.1 by calculating the photon energy for the wavelength of 486 nm.

[2]

(b) Fig. 2.2 is a partially completed diagram to show energy levels of a hydrogen atom.

Fig. 2.2

On Fig. 2.2 draw one further labelled energy level, and complete the diagram with
arrows to show the energy changes for the other two wavelengths. [3]
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