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Answers 

Questions for learning and 
discussion topics 
Mary Whitehouse  

Spider-Man science 
1 Tough materials can absorb energy before breaking, often by deforming. For example, rubber 
materials stretch significantly, absorbing energy before breaking. Ceramic materials are brittle and are 
able to deform much less, therefore although they may require a much larger force to break, they do 
not deform much and therefore absorb less energy, and are less tough. 

2  First derive an algebraic expression for the extension, x:  

stress    s = F/A 

cross-section area  A = p(d/2)2
 

     = p d2/4 

strain    e = x/l 

Young modulus  E = s/e 

     = (F/A) / (x/l) 

     = Fl/Ax 

extension   x = Fl/AE 

      = 4 Fl/p d2 E 

Then use data from the article to calculate x: 

load    F =  2 × 1.75 × 103 N  

      = 3.5 × 103 N 

length    l = 30 m 

cross section diameter d = 1.65 mm  

   = 1.65 × 10–3 m  

Young modulus  E = 1.15 × 1010 Pa 

so 

extension  x = 4.3 m 
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Sticky feet 
1 Scale: the bar 14 mm long represents 10 µm, 

 magnification = 14 × 10–3 m/10 × 10–6 m = 1400  

The front row of stems measure 6 mm, 8 mm, 7 mm, 3 mm, 6 mm, 8 mm, 7 mm, 8 mm, 5 mm. 

Mean thickness in photo 58	mm
9

=	6	mm	(1	sf) 

Actual thickness = 6	mm
1400

=0.004	mm	=	4	×	101	nm 

Table 2 suggests 1000 spatulae on each seta — an array 30 ×30 and each spatula 200 nm; 30 ×  
200 nm = 6 × 103 nm 

From the photograph, the spatula do not take up all the area of the seta.  This is supported by the 
estimation, which suggests that there is space between the spatulae. 

2 Mass of soldier = 70 kg  

 Mass of rucksack = 25 kg 

(These are our estimates — yours might be different) 

Geckskin supports 317 kg m–2 

Area to support soldier = 31	45
678	45	9:; = 0.3	m= 

We can, for example, compare this to the area of the soldier’s shoes: 

Area of adult shoe = 30 cm × 10 cm = 300 cm2 = 0.03 m2 

So the soldier would need a contact area of 10 ‘shoes’ to support their own body weight plus rucksack 
— for example large swimming flippers on hands and feet. 

Switching puzzles 
1 When the switch is closed the bimetallic switch compresses the spring, as the bimetallic 
switch cools it bends away from the contact circuit, but the spring begins to decompress, maintaining 
contact with the strip and so keeping the circuit open until the strip has straightened sufficiently to 
break the contact. 

2 Water is a good conductor of electricity (pure water is actually quite a poor electrical 
conductor, but water containing even a small concentration of dissolved ions is a good conductor) so 
precautions are made to ensure that wet hands do not cause gaps in circuits to be crossed: 

• switches in bathrooms are usually pull cords, with a break in the cord so that even if the cord 
becomes wet it cannot soak up to the electrical part of the switch. 

• power supplies for electrical shavers incorporate an isolating transformer so there is no 
electrical connection with the mains circuit. 

• isolating switches are usually placed outside the bathroom, or high up so not easily reached. 
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