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 Chapter 5
Materials and Forces:

Structures and Microstructures 
	
	
	Answer
	Extra information
	Mark

	1
	a
	Force in CB = 1.20/cos 60o = 2.4  kN

Force in AB = 2.4  / cos 30o = 2.08 kN 


	
	2

	
	b
	Member CB in compression

Member AB in tension
	
	2

	Total marks
	4

	2
	a i
	Horizontal component = 750 cos 43o 

= 750 × 0.731 = 549 N
	
	1

	
	a ii
	Vertical component = 750 sin 43o 

= 750 × 0.682 = 511 N
	
	1

	
	a iii
	The weight of the girder = 2 × 511 N 

= 1022 (allow 1023) N but 1020 N to 3 sig. figs.
	
	1

	
	b
	Arrow to be drawn vertically downwards from the centre of the beam.
	
	1

	Total marks
	4

	3
	a
	Extension = force/Hooke’s constant 

   = 200/2(102 m = 1.0 m
	
	1

	
	b
	2 in series  gives 2 m
	
	1

	
	c
	As 200 N gives 1.0 m, 300 N gives 1.5 m

Need springs in parallel.

Need 1.5/0.02 = 75 springs
	
	2

	Total marks
	4

	4
	a
	Young modulus 

   = [force/area]/[extension/length]

   = [75/(π(10-2(10-2(0.25)]/[0.15/50]

    = 3.2 ( 109 N m-2
	
	3

	
	b i
	The Young modulus is less, so the rope is less stiff and stretches further. The climber may bounce.
	
	1

	
	b ii
	The Young modulus is greater, so the rope is stiffer and stretches less. The climber is stopped in less distance.
	
	1

	Total marks
	5


	5
	a
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	1 mark: Axes correctly labelled with quantity and unit

1 mark: sensible scales chosen (data points take up at least half the graph in x and y directions)

1 mark: points correctly plotted and sensible best fit line chosen.
	3

	
	b
	To start with sleeper on bed needs to sink (uniformly) but then needs to be held firmly for comfortable rest.
	
	1

	
	c
	In the linear region, so by extrapolation 600 N would be equivalent to depressing 400 mm or 40 cm

So need 40/3 = 14 springs in parallel.
	
	2

	
	d
	Energy = (force(distance/2) = (45 ( 0.03)/2 

 = 0.675  J per spring
	
	2

	
	e
	Force constant = 60/0.040 = 1.5 ( 103 N m-1
	
	2

	Total marks
	10

	6
	a
	Expansion = (25/10-5) × 20 m = 5 × 10-3 m
	
	2

	
	b
	Force is that required to oppose this expansion.

Young modulus 

   = [force/area]/[extension/length]

Force = Young mod × area × extension/length

Force= (18 × 1010 × 5 × 10-3/20)  × 10-2
         = 450 kN 
	
	3

	Total marks
	5

	7

	a i
	Tension = force = mg 

   = 5.0 ×(2.0/2)× 103 ×10 N 

   = 5.0  × 104 N
	
	1

	
	a ii
	Stress = force/area = (5.0  × 104)/( 5.0  × 10-3) 

= 107 N
	
	1

	
	a iii
	Strain = extension/length = Stress/ Young modulus = 107/2.0 × 1011 = 5.0  × 10-5 
	
	1

	
	a iv
	Extension = 5.0  × 10-5 × 55 = 2.75 mm
	
	1

	
	b i
	Stress and strain will increase but very little relatively.
	
	1

	
	b ii
	Cracks may appear from repeated varying stresses due to wind and vehicles (fatigue). Once cracks appear effective cross-section reduced and cracks will expand until possible breakage.
	
	2

	Total marks
	7


	8
	a
	Energy = force ( distance/2 

Young modulus 

   = [force/area]/[extension/length]

 2.0(1011  = [force/π x 1 (10-6]/[0.15(10-2]

 Force = 942 N per wire

Energy =  0.5 x 942 ( 0.15 (10-2(6(20

            = 85 J
	
	3

	
	b
	If the stress energy is released it can cause damage from movement of rods and breakage effects.
	
	1

	Total marks
	4

	9
	a
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	1 mark: Axes correctly labelled with quantity and unit

1 mark: sensible scales chosen (data points take up at least half the graph in x and y directions)

1 mark: points correctly plotted and sensible best fit line chosen.  

1 mark: Identifies Al and Mg as anomalous
	4

	
	b
	Linear pattern for most but Al and Mg do not fit pattern
	
	2

	
	c
	Al – aircraft frames, roof frames and sheeting, boat spars

Can quote Mg instead
	
	2

	
	d
	Young’s modulus proportional to density with Al, Mg exceptions
	
	1

	Total marks
	9

	Total for test paper
	52


Mark Scheme








