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BlackBodyRadiation
A perfectabsorber of energy Starsare blackbody becausethey

absorb lightatanywavelengthanddonotreflect anyback

Emits Electromagneticradiation over a widerange of wavelengths
buttherewill be onepeakwavelength

WEINDISPLACEMENT's LAW
Wavelengthofpeakemissionintensity xmax is inverselyproportional
to the absolute temperature of theobject
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12 (a) A	star	has	a	luminosity	that	is	known	to	be	4.8	× 1029 W.	A	scientist	observing	this	star	finds	
that	the	radiant	flux	intensity	of	light	received	on	Earth	from	the	star	is	2.6 nW m–2.

  (i)  Name	the	term	used	to	describe	an	astronomical	object	that	has	known	luminosity.
 
 ...................................................................................................................................... [1]

  (ii) Determine	the	distance	of	the	star	from	Earth.

	 distance	=	 ......................................................  m	[2]

 (b) The	Sun	has	a	surface	 temperature	of	5800 K.	The	wavelength	mmax	of	 light	 for	which	 the	
maximum	rate	of	emission	occurs	from	the	Sun	is	500 nm.		

  The	scientist	observing	the	star	in	(a)	finds	that	the	wavelength	for	which	the	maximum	rate	of	
emission	occurs	from	the	star	is	430 nm.

  (i)  Show	 that	 the	surface	 temperature	of	 the	star	 in	 (a)	 is	approximately	6700 K.	Explain	
your	reasoning.

 [2]

  (ii) Use	the	information	in	(a)	and	(b)(i)	to	determine	the	radius	of	the	star.

	 radius	=	 ......................................................  m	[2]

 [Total: 7]
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HUBBLE'S LAW
observationsof distantgalaxies showthat a vastmajorityofcases
the absorptionspectrafromdistantgalaxiesarefoundtoberedshifted

This indicates allgalaxies are moving away from us

HUBBLE DIAGRAM A plot ofrecessionvelocity
againstdistance

in ÉV Ho xd m
recession A distanceof

velocity
Hubble's

d constant galaxy standardcandle

Ho 2.2 10 18
Dappledshift

SOURCES OF ERRORS

galaxies mayhaverotationalmotion
motionof galaxies are notalways

along the line ofsight b wobserver source stars

BIGBANG GalaxiesrecedingfromEarth V2d Hubble's Law

The
away greaterrecession

inpast Galaxy atonepoint

TheUniverse beginfroma pointof infinite densitycalledSingularity



AGE OF UNIVERSE
V Hod i speed of light c d d est

t

f HoGt
t I II.at f5

7s 14 10 years

14billionyears

71 Therecessionve ocityofthegoany 0C 4889hasbeendeterminedto a v 66.4x108ms t

moss come

ELIF d 2 4 1024

red shift
11 Thewave h hofaspent heinthespectrumofightfromadistantgalaxywasmeasured i

Thesame ineme sun inthetoolsonhasawaveenginof 95 I am Chu die
atthespeedofiesessionoftheyaam
Ithedistancetothegalaxy I O orgunipieat

If I 134836,339331 310
4 Ox106ms

K Hod
2491 1.8 10 m dd



therestingofthetermletshit

The increase in the wavelengthof EM radiationdueto
relativemotion between the stellar objectandobserver

Theemission inesofHydrogenSpainrntias a waeenginof27.7 en Mesviemet01he
letsth ol ko int n hespectrumofnotshowhis let5theitby0.0817 N

E
Y

V 02433 430108

9 105 ms02631
3 08

4G wa thth'sa ay is a ti ion Alyearsfist ni ca nderived
he tiubl econstant in s luseityd.isx.io

srfVHoxd 1 60 10 ly9.0105 Ho 60109 9.461015
Ho 16 10

i supposeatsomedistanttimeinthelolme asmonomersofservedthatmustgo eswere
storingabweshatinthe'tspeak that oudyoudeduleabouttheexpansionofthe
Unniesse

Big BangTheory universeoriginatedfrom a densesinglepoint
REDSHIFT andhasbeen expanding ever since

BLUESHIFT Shows a decrease in observed t
allgalaxies are moving towards each other

Hence the universe stops expanding andis now contracting



22

9702/41/M/J/22© UCLES 2022

10 (a) State Wien’s displacement law.

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

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

 (b) Fig. 10.1 shows the wavelength distributions of electromagnetic radiation emitted by two stars 
A and B.

0
0

rate of
emission

0.5 1.0 1.5
wavelength / μm

2.0

star A

star B

Fig. 10.1

  The surface temperature of star A is known to be 5800 K.

  (i) Determine the surface temperature of star B.

 surface temperature =  ...................................................... K [2]
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  (ii) Star B appears less bright than star A when viewed from the Earth.

   Use Fig. 10.1 to suggest, with a reason, how else the physical appearance of star B 
compares with that of star A.

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

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

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

 (c) The lines in Fig. 10.1 have been corrected for redshift.

  (i) State what is meant by redshift.

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

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

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

  (ii) Explain how cosmologists are able to determine that light from a distant star has 
undergone redshift.

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

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

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

 [Total: 9]
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STAR B has agreater wavelength where
fate of emission is maximum HenceSTAR B
appears to be more RED

Observed apparent wavelength is greater than
reference value duetothemovement ofstars
away fromtheobserver

By studyingandcomparing linespectrum
of Electromagnetic radiation from the
distant star with theLinespectrumalready
known whenobserving a stationeryobject
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