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Chapter 25
Astrophysics
	
	
	Answer
	Extra information
	Mark

	1
	a i
	Speed = distance/time = 2r/time

=(2 × × 228 × 109) / (1.88 × 365 × 24 × 60 × 60) m s-1
=2.42 × 104 m s-1
	1 mark working

1 mark answer
	2

	
	a ii
	T2/r3 = constant

Mars; 1.882/2283 = 2.98 × 10-7
Mercury; 0.242/583 = 2.95 × 10-7
Ratio appears preserved
	1 mark Mars working

1 mark Mercury working

1 mark comment
	3

	
	b
	Using F=GMm/r2 = mv2/r

Mass of Sun = v2r/G = (2.422 × 10× 228 × 109) / (6.67 × 10-11) kg

= 2.0 × 1030 kg 
	1 mark method

1 correct intermediate working

1 mark answer
	3

	Total marks
	8

	2
	a
	T1 = T2 (r1 / r2)3/2

TGanymede = 1.8 (1070 / 422)3/2 = 7.3 days

TCallisto = 1.8 (1880 / 422)3/2 = 17 days


	1 mark each
	2

	
	b
	v =((GM / r) so M = v2r / G
v = 2r / t
  =(2 × × 422 × 106) / (1.8 × 24 × 60 × 60) m s-1
  = 1.7(05) × 104 m s-1
Mass of Jupiter (using Io data) = v2r / G =(1.712 × 10× 422 × 106) / (6.67 × 10-11) kg

= 1.84 × 1027 kg

Similarly if use Europa data.

Agrees within the approximations.
	1 mark method

1 correct intermediate working

1 mark showing agreement
	3

	Total marks
	5

	3
	a i
	Measure change of angle against fixed background of distant stars.

Measure angle six months later as Earth moves from one end of diameter of orbit to other (diameter perpendicular to line of sight) 

and use half.

(Diagram helpful.)
	1 mark each point
	3

	
	a ii
	Background of stars stationary (and star sufficiently near). 
	
	1

	
	a iii
	Parallax=(1.50×1011)/(2.75×9.46×1015)

= 5.8×10-6 rad 

= 3.3×10-4  deg

= 1.2 arcsec


	1 mark working

1 mark answer
	2

	
	b i
	Luminosity is the total radiation / power  emitted by the star (measured in Watts) 
	
	1

	
	b ii
	Intensity = L/4d2
=(2.5 × 1029) / (4 × × 2.752 × 9.462 × 1030)

= 2.9 × 10-5 W m-2 (30 W m-2)
	1 mark method

1 correct intermediate working

1 mark answer
	3

	Total marks
	10


	4
	a i
	Two protons combine to form deuterium

Deuterium combines with proton to produce helium3

Two helium3’s combine to form helium 4 plus two protons

 (Other chain possible)
	1 mark 

1 mark

1 mark 


	3

	
	a ii
	Mass of products less than reactants; “Missing” mass transferred to energy E = mc2
	
	1

	
	b
	1H proton  4He helium4 nucleus

e+ positron  neutrino  gamma radiation 

MeV energy in million electron volts
	½ mark each
	3

	
	c
	Energy = 24.68×106×1.60×10-19= 3.94 ×10-12 J 
	
	1

	Total marks
	8

	5
	a i
	Resolving power = /D = (c/f)/D 

= (3 × 108/150 ×106)/50 = 0.040
	1 mark working

1 mark answer
	2

	
	a ii
	Resolving power = /D = 0.6 × 10-6/4 = 1.5 ×10-7
	1 mark working

1 mark answer
	2

	
	b ii
	Diffraction makes it difficult to locate the source with sufficient precision using the radio telescope.

Lack of intensity, atmospheric conditions, and diffraction affect optical telescope
	1 mark

1 mark
	2

	Total marks
	6

	6
	a
	Distance = 1 / 0.750 = 1.33 pc 


	
	1

	
	b
	Light year =(3×108×24×60×60×365) m = 9.46×1015 m

Angle  = (0.750×180×3600) =3.64 ( 10-6 rad 

D = R/= (1.50 ×1011)/(3.64×10-6) =0.412×1017 m

Distance in light years = (0.412 ×1017)/(9.46×1015)

                                 = 4.35 ly 
	2 marks stages of working

1 mark answer
	3

	Total marks
	4

	7
	
	Capella M = 0.08 + 5 – 5 log 13

               = 0.08 + 5 – 5.56 = –0.49 

Similarly, Rigel  =  –6.8     Procyon  = 2.72
	1 mark each
	3

	Total marks
	3

	8


	a
	Apparent brightness is the intensity at the Earth 

,

I=L/(4d2)


	
	1

	
	b
	d2 = L/4F  =(5.5×1031)/(4××9.5×10-10) m2
d = 6.79  ×1019  m
 =(1.50×1011)/(6.79 ×1019)= 2.21 x 10-9 rad 
X (180 ×3600/)  = 4.55 ×10-4 arcsec

Distance =1/(1.3×10-4)= 2200 pc 
	1 mark method

1 correct intermediate working

1 mark answer
	3

	Total marks
	4


	9
	a
	System in rotation around centre of mass.

Dips are when one star falls in front of other. 

Maximum when both stars within line of sight.

Biggest dip when weaker star in front; smallest dip when brighter star in front.
	1 mark each detail maximum 3
	3

	
	b i
	Red shift

/λ=v/c

=(7400×103×662.5)/(3×108)

    =16.3

646.2 nm and 678.8 nm
	1 mark working

1 mark each answer
	3

	
	b ii
	Period 70 hours

Velocity  = 2R/t

R = 7400 x 103 x 70 x 60 x 60 /2= = 3 x1011 m
	1 mark working

1 mark answer
	2

	Total marks
	8

	10
	a
	Escape velocity equates with that of light.

So expect nothing (mass of radiation) to escape. (Not totally true – Hawking radiation)
	1 mark

1 mark
	2

	
	b i
	ME = c2R/2G

=(32×10×6.38×106)/(2×6.67×10-11) kg

= 4.3×1011 kg
	1 mark working

1 mark answer
	2

	
	b ii
	MS = c2R/2G

=(32×10×6.966×108)/(2×6.67×10-11) kg

= 4.7×1013 kg
	1 mark working

1 mark answer
	2

	Total marks
	6

	Total for test paper
	62
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