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GCE AS/A LEVEL — USING RADIATION TO INVESTIGATE STARS QUESTION PACK

1322-01 (Legacy PH2)

PHYSICS — PH2

PH2.5 Using Radiation to Investigate Stars — Wien's law, Stefan's law & stellar

spectra

Every stars-and-radiation question from the legacy WJEC PH2 papers (June 2009 – June 2016)

LEGACY 2008 SPECIFICATION

Estimated time for entire question pack: ~2 hours 20 minutes

Derived from the legacy PH2 paper’s pace of ~1 min/mark (80 marks in 1¼ hours).

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

For Examiner’s use only

Q Source Max Mark

1 Jun 16 Q6 10

2 Jan 12 Q6 10

3 Jan 11 Q8 11

4 Jun 09 Q7 12

5 Jun 10 Q6 12

6 Jan 10 Q7 11

7 Jun 11 Q7 9

Q Source Max Mark

8 Jun 15 Q7 9

9 Jun 14 Q7 12

10 Jan 13 Q6 11

11 Jun 13 Q7 10

12 Jun 12 Q8 10

13 Jan 14 Q7 11

Total 138

ABOUT THIS QUESTION PACK

This is a comprehensive practice question pack,

not a single mock paper. It contains every using-

radiation-to-investigate-stars question (black-body

radiation, Wien's law, Stefan's law, stellar spectra

and luminosity) from the legacy WJEC PH2 papers

between June 2009 and June 2016.

Questions are grouped by sub-topic, then ordered

roughly by difficulty.

INSTRUCTIONS

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

questions in the spaces provided.

A calculator is required. The Data Booklet is allowed.

All question content is © WJEC CBAC Ltd. and

reproduced for revision purposes.
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PH2.5 Using radiation to investigate stars — what the legacy

spec asks
WJEC GCE AS/A Level Physics (from 2008) · PH2 Assessment Unit Waves and Particles. The stars-and-

radiation strand — black-body radiation, Wien's law, Stefan's law and stellar spectra — maps directly onto

the 2015 Topic 6.

Black-body radiation A

Definition: a black body absorbs all radiation falling on
it and emits the maximum possible power at every
wavelength for its temperature.
Characteristic continuous spectrum shape — rises
from zero, peaks, falls asymptotically to zero again.

Stars approximate to black bodies.

Wien's displacement law A

 where  m·K is Wien's
constant.

Read  off a spectral-intensity graph; substitute to
find surface temperature.

Hotter stars peak at shorter (bluer) wavelengths; cooler
stars peak at longer (redder) wavelengths.

Stefan's law B

Total radiated power per unit area:  where
 W m  K .

For a spherical star: total luminosity .

Compare two stars: .

Luminosity & the inverse-square law B

Luminosity  = total power emitted in all directions by
a star.

Intensity  at distance  (assuming isotropic

emission): .

Used to deduce  from measured Earth-bound
intensity once distance is known.

Stellar spectra & absorption lines C

Dark (Fraunhofer) lines crossing the continuous
spectrum arise when photons from the hot interior are
absorbed by cooler atoms in the star's atmosphere.

Atoms absorb only photons whose energy matches a
discrete transition between bound electron energy
levels.

The set of lines identifies the elements present; their
relative strength depends on stellar temperature.

Working scientifically

Always work in SI:  in kelvin,  in metres,  in metres,
 in watts.

Convert nanometres to metres ( ) before applying
Wien's law.
Sketch black-body spectra with a single peak that
approaches but never reaches the axes at the extremes.

Section index for this question pack

A Black-body spectra & Wien’s law Defining black bodies, reading peak
wavelengths off spectra, sketching the
characteristic curve and using Wien's law to

find surface temperatures.

55 marks · pp 6–13

B Stefan’s law — size, luminosity &

spectra

Stefan-Boltzmann calculations for stellar
radius and luminosity; combining Stefan with
Wien; deducing absorption lines from atomic

energy levels.

62 marks · pp 15–25

C Variable stars Cepheid and Delta Cephei: combining
brightness/period data with Wien and Stefan to
deduce diameter and percentage luminosity

change.

21 marks · pp 27–30
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Stars in one page
Quick-reference notes — revisit before each section.

Black body — definition

An idealised emitter that:

absorbs all radiation incident on it
(no reflection, no transmission);
emits the maximum possible power
at every wavelength for its
temperature.

Stars are a good approximation,
especially in the continuous part of
their spectrum.

Black-body spectrum shape

A single broad peak. Key features to
draw:

starts at zero at ;
rises steeply to a peak at ;

falls more slowly, tailing
asymptotically to zero.

Hotter  peak higher and shifted left
(shorter ).

Wien’s displacement law

 m·K

 in metres (convert nm ).

 in kelvin (absolute temperature
only).
Re-arrange:  or 

.

Stefan’s law (per unit area)

 W m  K  (Stefan
constant).
Total power for a sphere: 

.

Fourth power — doubling 
multiplies emitted power by 16.

Luminosity

 = total power output of a star (W),
radiated equally in all directions.

For a spherical black body: 
.

Sun:  W.
Use  to express luminosity in
solar units.

Inverse-square law

 = intensity at distance  from the
star (W m ).

Treat the star as a point source
emitting isotropically.
Re-arrange:  — gives the
star’s power from a measurement at
Earth.

Strategy — finding stellar radius

1. From the spectrum, find .

2. Apply Wien’s law to get .
3. From distance and intensity, get

luminosity  via inverse-square.
4. Apply Stefan’s law  to

solve for .

Comparing two stars

For two stars with luminosities , ,
radii , , temperatures , :

Cancel solar units when comparing to
the Sun — ratios are clean and
dimensionless.

Star colour & temperature

Visible band: ~400 nm (violet) – 700
nm (red).

 in red ( 700 nm)  K
(red giants, e.g. Aldebaran).

 in blue/UV ( 300 nm) 
 K (blue giants, e.g. Rigel).

Sun:  K,  nm
(green-yellow).

Stellar spectra — absorption lines

The hot stellar interior emits an
approximate black-body continuous
spectrum.

Cooler atoms in the outer atmosphere
absorb photons whose energy matches
a transition between electron levels.

Result: dark lines superimposed on the
continuum at characteristic
wavelengths.

Sets of lines identify which elements
are present.

Energy of a transition

Larger  shorter wavelength (UV
/ blue end).
Smaller  longer wavelength
(red / IR end).
Higher temperatures populate higher
excited states — so different
absorption patterns at different
surface temperatures.

Giant vs dwarf

Red giant: low surface  (cool, red)
but high  — possible only if  is very
large (Stefan).
White/blue dwarf: high surface 
but low  small .
Main sequence:  rises with  along
a diagonal band on the HR diagram.

Crib sheet — revision compilation for legacy PH2.5 Using Radiation to Investigate Stars. Questions begin overleaf.
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SECTION A

Black-body spectra & Wien's law

Questions 1 – 5 · 55 marks



Question 1 WJEC PH2 June 2016 · Q6 10 marks · Section A



Question 1 (continued) WJEC PH2 June 2016 · Q6 10 marks · Section A



Question 2 WJEC PH2 January 2012 · Q6 10 marks · Section A



Question 3 WJEC PH2 January 2011 · Q8 11 marks · Section A



Question 4 WJEC PH2 June 2009 · Q7 12 marks · Section A



Question 4 (continued) WJEC PH2 June 2009 · Q7 12 marks · Section A



Question 5 WJEC PH2 June 2010 · Q6 12 marks · Section A



Question 5 (continued) WJEC PH2 June 2010 · Q6 12 marks · Section A



SECTION B

Stefan's law — size, luminosity & spectra

Questions 6 – 11 · 62 marks



Question 6 WJEC PH2 January 2010 · Q7 11 marks · Section B



Question 6 (continued) WJEC PH2 January 2010 · Q7 11 marks · Section B



Question 7 WJEC PH2 June 2011 · Q7 9 marks · Section B



Question 8 WJEC PH2 June 2015 · Q7 9 marks · Section B



Question 8 (continued) WJEC PH2 June 2015 · Q7 9 marks · Section B



Question 9 WJEC PH2 June 2014 · Q7 12 marks · Section B



Question 9 (continued) WJEC PH2 June 2014 · Q7 12 marks · Section B



Question 10 WJEC PH2 January 2013 · Q6 11 marks · Section B



Question 10 (continued) WJEC PH2 January 2013 · Q6 11 marks · Section B



Question 11 WJEC PH2 June 2013 · Q7 10 marks · Section B



Question 11 (continued) WJEC PH2 June 2013 · Q7 10 marks · Section B



SECTION C

Variable stars

Questions 12 – 13 · 21 marks



Question 12 WJEC PH2 June 2012 · Q8 10 marks · Section C



Question 12 (continued) WJEC PH2 June 2012 · Q8 10 marks · Section C



Question 13 WJEC PH2 January 2014 · Q7 11 marks · Section C



Question 13 (continued) WJEC PH2 January 2014 · Q7 11 marks · Section C



END OF QUESTION PACK

13 questions · 138 marks · ~2 h 20 min

Mark schemes available from WJEC and Physics & Maths Tutor.


