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1.
A uniform vertical steel wire is stretched by hanging a weight from its lower end. Which of the following would put a greater strain on the wire ? (The Young modulus of steel is greater than that of brass.)

(1)
Using a steel wire of greater cross-sectional area.

(2)
Replacing the steel wire with a brass wire of the same unstretched length and cross-sectional area.

(3)
Using a steel wire of smaller unstretched length.



A.
(2) only



B.
(3) only



C.
(1) and (2) only



D.
(2) and (3) only

2.
The diagram below shows the stress-strain graphs up to the breaking point for two cylindrical rods made from materials P and Q respectively, which have the same diameter and original length.
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Which of the two materials


(1)
is the more ductile


(2)
exhibits greater stiffness


(3)
has the greater strength ?





(1)
(2)
(3)




A.
P
P
P



B.
P
Q
P



D.
P
P
Q



E.
Q
Q
P
3.
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The figure shows the force-separation graph for a pair of atoms in a material. Which of the following features is most closely related to the stiffness and the tensile strength of the material ?


(1)
the value of the separation at P

(2)
the value of the separation at Q

(3)
the value of the slope of the graph at P

(4)
the value of the force at Q




Stiffness

Tensile strength




A.
  (4)


 (3)




B.
  (3) 


 (4)




C.
  (3) 


 (2)




D.
  (1) 


 (2)

4.
Two metal rods of the same Young modulus Y and the same cross-sectional area A, but of different lengths 2L and 3L respectively, are joined together end-to-end to form a rod of length 5L. What are the Young modulus and the force constant of the composite rod ?




  Young modulus
Force constant




A.
Y


AY/(5L)



B.
Y


4AY/(5L)




C.
2Y


AY/(5L)




D.
2Y


4AY/(5L)

5.
The interatomic force between pairs of similar atoms consists of two components. These are


(1)
a short-range repulsive force which varies inversely as r6,


(2)
a long-range attractive force which varies inversely as r3,




where r = interatomic separation.


Given that a and b are positive constants, and repulsive force is taken as positive, which of the following correctly expresses in mathematical form the interatomic potential energy of a pair of atoms ?




A.
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B.
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C.
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D.
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(Essay)

6.
Derive Bernoulli’s equation for fluid flow:
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(5 marks)

(Structural question)

7.
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Figure 7

The graph in Figure 7 shows a simplified model of the force between two atoms plotted against their distance of separation.


(a) 
Use the graph to determine



(i)
the energy required to separate two atoms completely.




(2 marks)

(ii)
the potential energy of the atoms at a separation of 2.92 × 10-10 m. (The potential energy is taken to be zero when the atoms are infinitely apart.)


(2 marks)


(b)
For a solid formed by the atoms mentioned, estimate

(i)
the Young modulus of the solid. (Hint : the atoms in a solid can be considered as connected by ‘small springs’)









(2 marks)



(ii)
the breaking stress of the solid. (Assume the solid has a cubic arrangement of atoms.)



















(2 marks)

(c)
The Young modulus and the breaking stress of a steel wire are 2.1 × 1011 Pa and 1.0 ×109 Pa respectively. Compare the strength and stiffness of steel with those of the above solid. Give reasons for your points of comparison.





(2 marks)
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Consider two tubes of areas of cross-section A1, A2 with pressure at ends P1 

and P2. Consider movements of fluid in time SYMBOL 100 \f "Symbol"t, work done x SYMBOL 174 \f "Symbol" x’

W1 = P1A1 ( (v1SYMBOL 100 \f "Symbol"t)

   = force ( distance moved

Work done against P2, y SYMBOL 174 \f "Symbol" y’, W2 = P2A2v2SYMBOL 100 \f "Symbol"t

Net work done on fluid,   W
= W1 - W2







= (P1A1v1 - P2A2v2)SYMBOL 100 \f "Symbol"t

If fluid incompressible   A1v1SYMBOL 100 \f "Symbol"t
= A2v2SYMBOL 100 \f "Symbol"t







W 
= (P1 - P2)A1v1SYMBOL 100 \f "Symbol"t

Gain of P.E. of fluid = mass of moved fluid ( (h2 - h1)g

Since we have equivalently moved (v1A1SYMBOL 100 \f "Symbol"t)SYMBOL 114 \f "Symbol" through height (h2 - h1)

Gain of K.E. of fluid 
= K.E. of yy’ - K.E. of xx’






= ½(A2v2SYMBOL 100 \f "Symbol"tSYMBOL 114 \f "Symbol")v22 - ½(A1v1SYMBOL 100 \f "Symbol"tSYMBOL 114 \f "Symbol")v12



Gain K.E.
= ½A1v1SYMBOL 100 \f "Symbol"tSYMBOL 114 \f "Symbol"(v22 - v12)

If conservation of mechanical energy holds good,

(P1 - P2)A1v1SYMBOL 100 \f "Symbol"t =  ½A1v1SYMBOL 100 \f "Symbol"t SYMBOL 114 \f "Symbol"(v22 - v12) + A1v1SYMBOL 100 \f "Symbol"t SYMBOL 114 \f "Symbol" g(h2 - h1)

P1 + h1SYMBOL 114 \f "Symbol"g + ½SYMBOL 114 \f "Symbol"v12 = P2 + h2SYMBOL 114 \f "Symbol"g + ½SYMBOL 114 \f "Symbol"v22 = a constant







5 5
7.
(a)
(i)
energy required = area under the graph from 2.91 × 10-10 m to 9.21 × 10-10 m




= 
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1




= 2.65 × 10-19 J












1 2



(ii)
Work done by external agent to reduce the separation from 2.91 × 10-10 m

to 2.79 × 10-10 m




= 
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1

(12.8 × 10-10) [ (2.91 – 2.79) × 10-10] J




= 7.68 × 10-21 J












1
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 potential energy
= -2.65 × 10-19 + 7.68 × 10-21 J








= -1.88 × 10-19 J








1 2


(b)
(i)
Interatomic ‘spring’ constant,




k
= 
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= 106 N m-1




Young modulus, E
= 
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= 3 × 1011 Pa
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(ii)
Breaking stress
= 
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= 0.99 × 1010 Pa








1 2


(c)
Steel is less stiff (smaller Young modulus).








1



Steel is less strong (smaller breaking stress).








1 2
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