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PHYSICS — UNIT 2 · LASERS

PH2.8 Lasers — population inversion & semiconductor lasers

Stimulated emission, requirements for sustained lasing (population inversion, optical pumping, cavity), 3- and 4-

level laser systems, and the structure of semiconductor lasers and their applications.

NEW 2015 SPEC · UNIT 2 TOPIC 8

Estimated time for entire question pack: ~3 h 43 min

Derived from the legacy PH2 paper’s pace of 80 marks in 1¼ hours.

You are advised to not attempt to complete all of this in one sitting.

ABOUT THIS QUESTION PACK

This is a comprehensive practice question pack, not

a single mock paper. It contains every question from

the legacy WJEC PH2 papers (2008 modular spec) that
maps onto new-spec Unit 2 Topic 8 (2.8).

Questions are ordered chronologically within each

section.

INSTRUCTIONS

Use black ink or black ball-point pen. Answer all

questions in the spaces provided.

The number of marks is given in brackets at the end of

each question or part-question. A calculator is required.

The Data Booklet is allowed.

All question content is © WJEC CBAC Ltd. and reproduced

for revision purposes.

For Examiner’s use only
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Lasers — what the new spec asks
WJEC GCE AS / A Level Physics (from 2015) · Unit 2: Electricity & Light · Topic 2.8.

Spontaneous & stimulated emission A

Define spontaneous and stimulated emission of
photons.

In stimulated emission, incident and emitted

photons are coherent.

Population inversion B

More electrons in upper energy state than lower ⇒ net
amplification.

Achieved by optical pumping or electrical excitation.

Energy-level systems B

Three-level vs four-level laser schemes.

Metastable states extending photon lifetimes.

Semiconductor lasers C

p-n junction lasers; band-gap controls emitted

wavelength.

Threshold current and the role of the cavity.

Applications C

Optical-fibre communication, CD / DVD reading.

Medical and industrial uses (cutting, welding).

© WJEC CBAC Ltd. (spec text). Compilation for revision use only. Crib sheet »
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Lasers in one page
Quick-reference notes — revisit before each section.

Emission types

Spontaneous: random direction, phase

— ordinary fluorescence.

Stimulated: incident photon triggers

identical emitted photon (same f,
phase, direction).

Lasing conditions

1. Population inversion (more upper

than lower).

2. Optical cavity (mirrors) for feedback.

3. Gain medium with appropriate
energy levels.

Three-level laser

Pump E₀ ⇒ E₂; fast decay to E₁
(metastable).

Lasing transition: E₁ ⇒ E₀.

Needs >50% atoms pumped to invert.

Four-level laser

Lower laser level depopulates quickly
— easier inversion.

Lower pump-power threshold.

Semiconductor laser

Forward bias injects carriers into
junction.

Recombination across band gap emits
photons.

Cleaved facets form the cavity.

Applications

Fibre comms (1.55 μm).

CD / DVD / Blu-Ray reading.

Surgery, cutting, welding, distance
measurement.

Crib sheet — revision compilation for Physics Unit 2 Topic 8. Questions begin overleaf.
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Section index
Use this index to jump straight to the section you need.

Section Questions Marks

A  Stimulated emission & lasing conditions Qs 1–4 46 marks

B  Energy levels & population inversion Qs 5–11 80 marks

C  Semiconductor lasers & applications Qs 12–14 33 marks

© WJEC CBAC Ltd. End of cover material.



Question 1 WJEC PH2 January 2010 · Q5 11 marks · Section A



Question 1 (continued) WJEC PH2 January 2010 · Q5 11 marks · Section A



Question 2 WJEC PH2 January 2012 · Q5 11 marks · Section A



Question 3 WJEC PH2 January 2013 · Q5 11 marks · Section A



Question 3 (continued) WJEC PH2 January 2013 · Q5 11 marks · Section A



Question 4 WJEC PH2 June 2012 · Q7 13 marks · Section A



Question 4 (continued) WJEC PH2 June 2012 · Q7 13 marks · Section A



Question 5 WJEC PH2 June 2009 · Q5 12 marks · Section B



Question 5 (continued) WJEC PH2 June 2009 · Q5 12 marks · Section B



Question 6 WJEC PH2 June 2010 · Q5 12 marks · Section B



Question 6 (continued) WJEC PH2 June 2010 · Q5 12 marks · Section B



Question 7 WJEC PH2 June 2013 · Q6 10 marks · Section B



Question 7 (continued) WJEC PH2 June 2013 · Q6 10 marks · Section B



Question 8 WJEC PH2 January 2014 · Q6 12 marks · Section B



Question 8 (continued) WJEC PH2 January 2014 · Q6 12 marks · Section B



Question 9 WJEC PH2 June 2014 · Q6 11 marks · Section B



Question 9 (continued) WJEC PH2 June 2014 · Q6 11 marks · Section B



Question 10 WJEC PH2 June 2015 · Q6 12 marks · Section B



Question 10 (continued) WJEC PH2 June 2015 · Q6 12 marks · Section B



Question 11 WJEC PH2 June 2016 · Q5 11 marks · Section B



Question 11 (continued) WJEC PH2 June 2016 · Q5 11 marks · Section B



Question 12 WJEC PH2 January 2011 · Q6 13 marks · Section C



Question 12 (continued) WJEC PH2 January 2011 · Q6 13 marks · Section C



Question 13 WJEC PH2 June 2011 · Q4 12 marks · Section C



Question 13 (continued) WJEC PH2 June 2011 · Q4 12 marks · Section C



Question 14 WJEC PH2 June 2012 · Q3 8 marks · Section C



END OF QUESTION PACK

14 questions · 159 marks · ~3 h 43 min

Source: WJEC PH2 (2008 modular spec)

Curated for WJEC Physics 2015 spec AS Unit 2 — Topic 8 (2.8)

© WJEC CBAC Ltd. Pack layout © revise.wales for revision purposes only.


