Materials

1.
What is a strong material?  Give an example of such a material.

2.
What is a stiff material?  Give an example of such a material.

3.
A tough material behaves in a way which is opposite to a brittle material and so brittle materials cannot be tough and vice-versa.


Name a material which is 



(a)
tough and strong.



(b)
brittle and strong.



(c)
brittle but weak (i.e. not strong)

4.
(a)
A steel wire of length 10 m has a cross-sectional area of 1 mm2. (=1 x 10-6 m2).


The wire is used to support a load of 100 N.  Given that the Young modulus for steel is 

2x1011 Nm-2, find



(i)
the stress in the wire.



(ii)
the strain in the wire.



(iii)
the extension of the wire.


(b)
A similar steel wire of the same cross-sectional area at the wire in part (a) supports the same load but the length of the wire is only 5 m



(i)
What would be the stress of this wire?



(ii)
What would be the strain of this wire?



(iii)
What would be the extension of this wire?

Data:


ccopper = 400 Jkg-1K-1
(steel = 10000 kgm-3

(copper =10000 kgm-3
Esteel = 2 x 1011 Nm-2

Ecopper = 2 x 1010 Nm-2
for steel (max = 2 x 1010 Nm-2
5.
Calculate the unstretched length and the resulting extension of a steel wire that would only just support its own weight.

6.
The maximum strain for glass before brittle fracture is 0.2 %.


A glass fibre has a diameter of 0.5 mm.  Estimate the smallest radius of the curve into which it could be bent before fracture.

7.
A steel wire of length 1 m has a non-uniform but circular cross-section which changes steadily (linearly) from a diameter of 1 mm at the thinner end to a diameter of 2 mm at the thicker end.  The wire is stretched by a force of 10 N.  What is the change in length?

8.
The cables used in lift shafts are invariably made of steel which is multi-stranded.

Why is steel a suitable material?


(b)
 Why is the cable multi-stranded rather than made from a single piece of steel rod?

9.
A copper wire is loaded to a strain of 0.1 %.  The wire is cut and the resulting vibrations transfer the elastic strain energy into kinetic energy of the atoms of the wire - (i.e., the temperature of the wire increases).

Calculate


(a)
the stress in the copper.


(b)
the potential energy stored per unit volume in the wire.


(c)
the resulting rise in temperature of the wire.

10.
(a)


(i)
Define stress and state the unit used.


(ii)
Define strain and explain why it has no unit.


(iii)
Define the Young modulus and state the unit used.


(b)
Show that, using the usual symbols, the spring constant or stiffness of a uniform wire is equivalent to EA/l.

11.
A 50 cm length of nylon fishing line of diameter 0.50 mm is stretched by a force of 2.0 N.  The extension produced is 5.0 mm.


Assuming that the fishing line follows Hooke’s Law and taking care with units, calculate


(a)
the stiffness of the line.


(b)
the cross-sectional area of the line.


(c)
the stress in the line.


(d)
the strain in the line.


(e)
the value of the Young modulus of the nylon used to make the line.

