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Chapter 24
Deep Matter
	
	
	Answer
	Extra information
	Mark

	1
	a
	Energy = 1.5 × 106 × 1.6 × 10-19 J

   = 2.4 × 10-13 J
	
	1

	
	b
	Energy = 1.5 × 106 × 10-6 MeV

   = 1.5 MeV
	 
	1

	
	c
	Energy to boil a kettle = mcΔT = 1 × 4200 × 80 = 336 kJ

1800 GeV = 1800 × 109 × 1.6 × 10-19 = 3 × 10-7 J 
So very inadequate (about 10-12 x too small!)
	1 mark calculation

I mark conclusion
	2

	Total marks
	4

	2
	a
	Momentum = 4 × 2 × 106 u m s-1 = 8× 106 u m s-1

	1 mark method

1 mark answer
	2

	
	b
	Momentum = 8× 106 u m s-1
	
	1

	
	c
	mava+ moxvox = 8 × 106 u m s-1
4va+ 16vox = 8 × 106 u m s-1 
	
	2

	
	d
	KEbefore =1/2maua2
           = ½ × 4 × 4 ×1012 u m2 s-2
           = 8 ×1012 u m2 s-2
KEafter = 8 ×1012 u m2 s-2
 ½ mava2 + ½ mox vox2  = 8× 1012 
2va2+ 8vox2 = 8 × 1012 u m2 s-2 
	3 marks working


	3

	
	e
	From c:
va= 2× 106 - 4vox
Hence:



 va2= 4× 1012 - 16× 106 vox + 16 vox2
4× 1012 - 16×106 vox + 16 vox2 
= 8× 1012 - 4vox2
vox= 16/20 ×106 m s-1= 0.8 ×106 m s-1
va = 2 × 106 – 4 vox = -1.2×106 m s-1 
	1 mark working

2 marks values
	3

	Total marks
	11

	3
	a i
	Leptons:

Not subject to strong force

No substructure / fundamental

Baryons

subject to strong force

Have substructure / not fundamental 
	½ each point
	2

	
	a ii
	Mesons consist of two quarks / quark plus antiquark

Baryons consist of 3 quarks 
	1 mark each


	2

	
	b i
	(Oxygen has 8 protons, 8 neutrons and 8 electrons)

Leptons 8

Baryons 16
	1 mark each
	2

	
	b ii
	Leptons 0

Baryons 16
	1 mark each
	2

	        Total marks
	8

	4
	a
	LHS: 0+1   RHS: 0+0    
Baryon number not conserved
	
	1

	
	b
	LHS: 0+1   RHS: 1+0    
Baryon number conserved 
	
	1

	
	c
	LHS: 1   RHS: 1+0    
Baryon number conserved
	
	1

	
	d
	LHS: 0+1   RHS: 0+0    
Baryon number not conserved
	
	1

	
	e
	LHS: 0+1   RHS: 1+1+0    
Baryon number not conserved
	
	1

	Total marks
	5


	5
	a
	B broken
Q broken     
	-1 mark for error
	2

	
	b
	(B unbroken)
Q broken
(S unbroken)
	-1 mark for error
	2

	
	c
	B broken
(Q unbroken)
(S unbroken)
	-1 mark for error
	2

	
	d
	B broken
Q broken
(S unbroken)
	-1 mark for error
	2

	          Total marks
	8

	6
	a
	Strong: short range   
Weak: VERY short range 
	1 mark 

1 mark 
	2

	
	b
	Quark type 

Strong: type unchanged    
Weak: type changed
	1 mark 

1 mark 
	2

	
	c
	Strangeness

Strong: conserved   
Weak: not conserved
	1 mark 

1 mark
	2

	Total marks
	6

	7
	a
	++  ( p + +      (uud  +  
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u


++  must be uuu
	1 mark for each

1 mark
	3

	
	b
	+ ( 0 + +    (q –
[image: image2.wmf]_

q

) = 0 both sides

++  ( p + + (q –
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q

) = 3  both sides
	½ mark each


	1

	
	c
	Relatively long decay time 

Strangeness not conserved
	1 mark

1 mark
	2

	Total marks
	6

	8
	a
	Arrowed lines on the left represent interacting particles.

Curvy lines represent exchange particles produced as consequence.

Arrowed lines on the right show particles produced.

Arrows represent time progression.
	½ mark per relevant point
	2

	
	b
	(p + p ( p + p) proton scattering

(u + d (u + d)
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	 ½ mark each
	2

	Total marks
	4


	9
	a
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	2

	
	b
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	2

	
	c
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	2

	
	d
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	2

	        Total marks
	8

	Total for test paper
	60


Mark Scheme








_1350459766.unknown

_1350459767.unknown

_1350459765.unknown

_1350459716.unknown

