HKAL Extra Exercise : Part 2 Matters

Chapter 7 Properties of Matter
7.1
Solids

Energy stored in a spring

1.
A wire, of force constant k, has an extension e when it is supporting a weight W. If the elastic limit is not exceeded, the energy stored in the wire is equal to


(1)

[image: image1.wmf]2

1

 × W × e2.


(2)
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 × stress × strain.


(3)

[image: image3.wmf]2
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 × k × e2.


A.
(1) only



B.
(3) only


C.
(1) and (2) only


D.
(2) and (3) only

Young Modulus

2.
In an experiment to measure the Young modulus for steel in the form of a long wire, each measurement is made with the same percentage error. Which of the following measurements contributes the greatest error to the final result ?




A.
the length of the wire




B.
the diameter of the wire




C.
the applied force




D.
The above 3 measurements will make an equal contribution.

3.
A uniform wire is stretched under tension. The stress in the wire depends on


(1)
the unstretched length of the wire.

(2)
the Young modulus of the wire.


(3)
the cross-sectional area of the wire.


A.
(1) only



B.
(3) only


C.
(1) and (2) only


D.
(1), (2) and (3)

4.
A uniform vertical steel wire is stretched by hanging a weight from its lower end. Which of the following would put a smaller 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)
Using a steel wire of greater unstretched length.

(3)
Replacing the steel wire with a brass wire of the same unstretched length and cross-sectional area.



A.
(1) only



B.
(3) only



C.
(1) and (2) only



D.
(2) and (3) only

5.
Two copper wires, X and Y, are suspended vertically, and the same downward vertical force F is applied to the lower end of each wire. The extension of X is half the extension of Y. Which of the following may account for this difference?

(1)
Y is twice as long as X, and its diameter is twice that of X.

(2)
The diameter of X is twice the diameter of Y, but their lengths are equals.

(3)
X is half as long as Y, but their diameters are equal.


A.
(2) only



B.
(3) only


C.
(1) and (2) only


D.
(1) and (3) only

6.
Two wires X and Y of the same diameter and of the same elastic metal are each stretched to the same tension. The unstretched length of wire X is half that of wire Y. The ratio of the elastic potential energy stored in wire X to that stored in wire Y is



A.
1 : 1.




B.
1 : 2.




C.
1 : 4.




D.
2 : 1.

7.
The average stress in the legs of a man standing upright is S. If the dimension of the man are tripled while the average density of the body remains the same, the average stress in the legs would be




A.
S / 3.




B.
S.




C.
3S.




D.
9S.

8.
In an experiment to determine the Young modulus for a steel wire, a student obtained the following data :

length of steel wire

= 1.37
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.

0

±

 m

diameter of steel wire
= 0.42
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.

0
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 mm

mass of the load
  
= 10.00
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 kg

extension


   
= 3.1
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0
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 mm

acceleration of free fall
= 9.8
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Which of the following leads to the greatest uncertainty in the calculated value of the Young modulus ?




A.
measurement of diameter



B.
measurement of load



C.
measurement of extension
D.
assumed value of the acceleration of free fall

9.
Two metal rods of the same Young modulus Y and the same length L, but of different cross-sectional areas A and 2A respectively, are joined together side by side to form a rod of cross-sectional area 3A. What are the Young modulus and the force constant of the composite rod ?




  Young modulus
Force constant




A.
2Y


3AY/L


B.
2Y


AY/(3L)




C.
Y


3AY/L



D.
Y


AY/(3L)

10.
A uniform wire of force constant k and Young modulus E is cut into five shorter wires of equal length. If they are arranged side by side and treated as a single wire combination, what are the force constant and the Young modulus for this combination ?




   Force constant
Young modulus



A.

k


 5E



B.

5k


 E



C.

25k


 5E



D.

25k


 E
Interpretation of stress-strain curve

11.
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Three wires of different material, but of the same length and cross-sectional area are stretched until they break. Their stress-strain curves are shown in the figure above. If E1, E2 and E3 represent the energy required to break wire 1, wire 2 and wire 3 respectively, which of the following is correct ?



A.
E1 > E2 > E3



C.
E2 > E1 > E3



D.
E2 > E3 > E1



E.
E3 > E1 > E2
12.
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The graph above shows the tensile stress – tensile strain curves for three materials X, Y and Z up to their breaking points. Which of the following statements is/are correct ?


(1)
X is stiffer than Z.


(2)
Z is more ductile than Y.


(3)
Y is stronger than Z.



A.
(1) only



B.
(3) only



C.
(1) and (3) only



D.
(1), (2) and (3)

13.
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.



[image: image11.wmf]P

Q

0

tensile

stress

tensile

strain



Which of the two materials


(1)
is the more ductile


(2)
exhibits greater stiffness


(3)
has the greater strength ?





(1)
(2)
(3)




A.
Q
P
Q



B.
Q
P
P



C.
P
P
Q



D.
Q
Q
P
14.
A metal wire is gradually loaded until the elastic limit is exceeded, and then gradually unloaded. Which of the following graphs best represents the variation of stress with strain ?


A.



B.
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C.



D.
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15.
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A suspended fibre was stretched by an increasing load attached to the bottom end. Then it was allowed to contract by slowly reducing the load. A stress-strain graph was obtained as shown. Which one of the following conclusions may be deduced from the graph ?


(1)
Less work is done in stretching than is recovered in contracting.

(2)
The temperature of the fibre rises after it has been stretched and allowed to contract for a few times.


(3)
All the work done in stretching the fibre is converted into potential energy.


A.
(1) only



B.
(2) only


C.
(1) and (2) only


D.
(2) and (3) only

Properties of materials

16.
Equal and steadily increasing forces are applied to each of the following three wires: a carbon fibre, a steel wire and a brass wire. Numerical values for the Young modulus E, the ultimate tensile stress S, and the area of cross-section A of the wires are:

	
	E/1010
N/m2
	S/108
N/m2
	A/10-6
m2

	carbon fibre
	40
	18
	0.20

	steel wire
	21
	11
	0.30

	brass wire
	12
	41
	0.03



Which of the wires is the stiffest and which of the wires will break first? Choose the combination satisfying both criteria.



Wire which





Stiffest wire
will break first




A.
carbon fibre
steel wire




B.
steel wire

carbon fibre



C.
carbon fibre
carbon fibre



D.
brass wire
brass wire
17.
The breaking stress of a steel wire is 4.0 × 108 N/m2. If the steel wire is replaced by a similar piece which is half as long, which of the following statements is/are true ?

(1)
The stress needed to break the longer wire is 4.0 × 108 N/m2.

(2)
The extension when the longer wire breaks is the same as for the shorter wire.

(3)
The work done in stretching the longer wire to the breaking point is half as for the shorter wire.


A.
(2) only



B.
(3) only


C.
(1) and (3) only


D.
(1), (2) and (3)

18.
Which of the following materials satisfies the description : flexible, weak and tough ?



A.
rubber


B.
diamond




C.
concrete


D.
wood

7.2
Model of a Solid

Intermolecular Forces

19.
Of the three common materials, copper, glass and rubber, which two best illustrate the properties described in the following statements when each is stretched under room temperature ?


(1)
It obeys Hooke’s law almost up to its breaking point.


(2)
It tolerates a large strain when exhibiting elastic behaviour.





(1)

(2)




A.
glass
rubber



B.
glass
copper



C.
copper
glass



D.
rubber
glass

20.
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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.
  (1) 


 (4)




B.
  (3) 


 (2)




C.
  (3) 


 (4)




D.
  (4)


 (3)

21.
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The figure above shows the variation of the force F between two atoms with the distance r separating them. Which of the following statements is/are correct?

(1)
The atoms can be in equilibrium when r = b.

(2)
The atoms will experience a repulsive force when r < a.

(3)
The atoms will experience an attractive force when r > a.


A.
(1) only



B.
(3) only


C.
(2) and (3) only


D.
(1), (2) and (3)

22.
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The graph above shows how the force between molecules of a substance varies with their separation. Which of the following is an INCORRECT inference from the graph ?

A.
No resultant force acts on each molecule when r = r0.

B.
The tensile strength of the material is closely related to F.

C.
The force between molecules is repulsive when r < r0.

D.
The average separation between the molecules is r0.

23.
The graph shows how the force between a pair of ions varies with the distance between them.
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Which of the following arguments about the points A, B and C marked on the graph is/are correct ?

(1)
From B to C the force falls with distance, so here the force between the ions must be pushing them apart.

(2)
At C the force curve is a minimum, so a supply of external force is needed either to increase or decrease the distance between ions.

(3)
At B, the force is zero, so here any repulsive force between the ions must be zero.


A.
(1) only



B.
(3) only


C.
(2) and (3) only


D.
(1), (2) and (3)

Intermolecular Potential Energy

24.
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The diagram above shows the variation of the potential energy U between neighbouring atoms in a solid with the separation r between them. Which of the following features of the curves best explains why the solid expands on heating ?



A.
OH > HK


B.
YZ > XY


C.
KY > YW


D.
HK > XY
25.
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The graph shows how the potential energy U between two atoms in a solid varies with the distance r between them. Which of the following statements about the distances a and b marked on the graph is/are correct?

(1)
a is the smallest possible separation of the atoms.

(2)
b is the equilibrium separation of the two atoms.

(3)
The stiffness of the solid depends on the slope of the curve near a.


A.
(2) only



B.
(3) only


C.
(1) and (2) only


D.
(2) and (3) only

26.
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Two neighbouring molecules with separation r has a potential energy U between them. The graph shows how U varies with r. Which of the following statements is/are correct ?

(1)
Hooke’s law follows from the linearity of the region LMN.

(2)
Thermal expansion can be explained by the fact that the curve NPQ is not symmetrical about P.

(3)
ε is the equilibrium separation of the molecules.


A.
(1) only



B.
(2) only


C.
(1) and (3) only


D.
(2) and (3) only

27.
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The potential energy, U, of a pair of atoms as a function of their separation, r, is shown for two crystalline solids P and Q. From these curves alone, one may conclude that

(1)
the energy required to separate two atoms of P in equilibrium is more than that for Q.

(2)
the equilibrium separation of the atoms in P is greater than that in Q.


(3)
P is stiffer than Q.


A.
(1) only


B.
(1) and (2) only


C.
(2) and (3) only


D.
(1), (2) and (3)

28.
Let r be the separation of two molecules in a solid and U be the intermolecular potential energy of these two molecules. When r = ro, the attractive force between the two molecules is equal to their repulsive force. Let U = 0 when r = ro. Which of the following statement is correct ?

A.
U is non-negative for all values of r.

B.
When r > ro, U decreases as r increases.
C.
When U is very large, the force between the two molecules is attractive.

D.
When r is very large, U is close to zero.

29.
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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C.
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Young Modulus (from solid model)

30.
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In an idealized atomic model of the material of a wire, each atom is in equilibrium at a distance x from its nearest neighbours, both in its own later and in the later above or below. There are n atoms per unit area within each layer. If the force required to increase the separation between two atoms from x to (x + Δx) is (kΔx), what is the longitudinal strain in the wire.



A.
Δx/x



B.
nkΔx/x2



C.
nkΔx



D.
nkx
Phases of matter

31.
When the temperature of a solid is decreased, what will happen to the average kinetic energy and the average potential energy of the molecules ?




average kinetic
average potential





energy


energy




A.
no change
   decreases



B.
decreases

   increases




C.
increases

   decreases




D.
decreases

   decreases

7.3
Liquid

Density

32.
Which of the following are reasonable estimates of the density and volume of an adult human ?





Density / kg m-3  Volume / m3



A.
    100


   0.5




B.
    100


   0.05




C.
    1 000

   0.05




D.
    10 000

   0.005

Archimedes’Principle

33.
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A wooden block of density 850 kg/m3 and volume 0.5 m3 is fastened to the bottom of a fresh-water pond as shown above. If the string suddenly breaks, the initial acceleration of the block will be close to



A.
1.76 m/s2




B.
10 m/s2



C.
10.18 m/s2



D.
11.76 m/s2
7.4
Fluid Dynamics

Equation of Continuity

34.
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A pipe X of cross-sectional area 25 cm2 branches into two smaller pipes, Y of area 15 cm2 and Z of area 10 cm2. An incompressible liquid flows through the pipes and travels at a speed of 0.3 m/s in X and 0.2 m/s at Y. What is the speed of the fluid in Z?



A.
0.1 m/s


B.
0.5 m/s


C.
0.8 m/s


D.
1.3 m/s

Bernoulli’s Principle (Bernoulli’s equation)

35.
In fluid dynamics, which of the following assumptions is/are used in deriving Bernoulli’s equation?


(1)
The fluid undergoes turbulent flow.


(2)
The fluid is incompressible.


(3)
No viscous force act on the fluid.


A.
(1) only



B.
(3) only


C.
(1) and (2) only


D.
(2) and (3) only

36.
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The above diagram shows the steady flow of water through a horizontal uniform pipe with a central narrow section near Y. The water levels in manometers at X, Y and Z indicate the pressure in each section. The levels in Y and Z are NOT shown. Which of the following statements is/are correct ?

(1)
The water speed in the narrow section is smaller than the speeds in other sections.

(2)
The water level in manometer Z is equal to that in manometer X.

(3)
The water level in manometer Y is the highest.



A.
(2) only



B.
(3) only



C.
(1) and (2) only



D.
(1), (2) and (3)

37.
A liquid of density 1.00 × 103 kg m-3 flows along a horizontal pipe whose cross-sectional area changes from 50 × 10-6 m2 to 10 × 10-6 m2. Manometers (using the same liquid) are attached to the two sections of the pipe and the vertical difference between the levels of liquid in them is 30 mm. The rate of flow of the liquid mass in the pipe must be


(g may be taken to be 10 m/s2)




A.
0.79 × 10-2 kg/s.




B.
1.00 × 10-2 kg/s.




C.
1.58 × 10-2 kg/s.




D.
3.00 × 10-2 kg/s.

38.
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The figure above shows part of a pipe having circular cross-sections. The area of the cross-section at B is triple that at A and the centre of the cross-section at B is 0.3 m higher than that at A. If an ideal liquid flows steadily through the pipe with speed 5 m s-1 at A, what is the difference in static pressure between A and B ? (Given : density of the liquid is 1 200 kg m-3)




A.
3 600 N m-2



B.
9 700 N m-2



C.
12 000 N m-2



D.
16 900 N m-2
Airfoil
39.



[image: image34.wmf]

The above figure shows the stream lines for air flowing past the wing of an aeroplane. Which of the following statements is/are correct?


(1)
The pressure above the wing is greater than that below the wing.


(2)
The speed of the air flow above the wing is greater than that below the wing.

(3)
The pressure difference between locations above and below the wing decreases when the density of air increases.(Assume the same speed of air flow.)

A.
(2) only
B.
(1) and (3) only
C.
(2) and (3) only
D.
(1), (2) and (3)

Spinning ball

40.
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A steady stream of air is ejected from a nozzle N and keeps a small polythene ball staying in mid air as shown. The nozzle and the direction of the air stream make an angle θ with the horizontal. Which of the following statements is/are correct ?


(1)
The ball spins in a clockwise direction.


(2)
Air flows faster on side A than side B of the ball.


(3)
When angle θ increases, the ball spins more faster.


A.
(1) only



B.
(1) and (2) only


C.
(2) and (3) only


D.
(1), (2) and (3)

Essay

41.
With the aid of diagrams and Bernoulli’s equation, explain the observed effects of the motion of a spinning ball.













(2 marks)
A hole in a water tank

42.
Which of the following situations can be explained by using Bernoulli’s equation ?


(1)
The lifting force acting on the wing of a moving plane

(2)
The curved path described by a spinning tennis ball


(3)
The flow of water out of a tank through a small hole near its bottom



A.
(1) only



B.
(3) only



C.
(1) and (2) only



D.
(1), (2) and (3) only

Pitot Tube

43.
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The above diagram shows a Pitot-static tube situated in a moving fluid. A manometer connected to S and T shows a difference h in the liquid levels. If




v = the velocity of the moving fluid,




d = the density of the moving fluid,

ρ= the density of the liquid in the manometer,


then v2 is equal to



A.
2dgh /ρ.


B.
2ρgh / d.




C.
dgh /ρ.




D.
2ρdgh.
KEY :

44.
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The above figure shows a Pitot-static tube situated in a moving fluid. Which of the following graphs best shows the relation between the square of the speed of the fluid v2 and the difference in manometer levels h ?


A.


B.
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C.


D.
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1 – 10 : BBBAD, BCAAD,
11 – 20 : ACBDB, ACAAC,

21 – 30 : CDCBA, BCAAA,
31 – 40 : DCABD, AABAB,

41.
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Ball experiences a sideways force and motion due to the unequal pressures

on the opposite sides of the ball.  This follows from Bernoulli's equation:


At same height level P + ½SYMBOL 114 \f "Symbol"v2 = a constant.
Thus where speed of air (v) is decreased force (SYMBOL 181 \f "Symbol" P) is increased.




2 2

42 – 44 : DBD
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