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Attempt all questions. Mark for each question or part of a question is given in the right margin. You are advised to first answer the questions which you can easily do and then come back to attempt seemingly difficult ones. Originality in approach will be rewarded.

Data sheet

Speed of light in free space                              c                       3.00 × 108 m s-1 
Elementary charge                                            e                      1.60 ×10-19 C 

Mass of a proton (rest mass)                            mp                              1.67×10-27 kg 

Acceleration of free fall at Earth's surface       g                      9.81 m s-2 
Stefan-Boltzmann constant                              σ                      5.67 × 10-8 Wm-2K-4 
Standard atmospheric pressure                        PA                                0.101 M Pa 

Avogadro constant                                           NA                              6.02 × 1023 mol-1 
Radius of the Earth                                           RE                             6.37 × 106 m 

Mass of the Earth                                              ME                            5.98 × 1024 kg 

Mass of the Sun                                                MS                            1.99× 1030 kg 

Radius of orbit of Jupiter                                   Rjo                            7.78 × 1011 m 

Mass of the Jupiter                                             MJ                          1.90× 1027 kg 

Orbital period of the Jupiter                               TJ                            11.9 years 

NePhO, preselection test, 2007
Question 1:
(a) (i) While taking shower, I turned on the shower tap accidently when the showerhead was resting on the floor. The flexible pipe thrashed around like a berserk snake. Explain this behaviour.  [2] 


Ans: As the shower tap is turned on, water rushes out and exerts a force of reaction (Newton’s third law), which pushes the shower head back. 

The shower head and the flexible pipe lying free on the ground do not have a firm support. The angular momentum about the point of support changes constantly and gives the berserk behaviour. [1+1]
(ii) A long flexible garden hose is connected to a tap. It is then turned on. Water spurts out faster when the hole emitting the water is partially closed. How would you measure the increased speed of the water? You are supplied only a meter rule. [3] 

Ans: Suppose the hose mouth is at a height h above the ground and the water comes out horizontally. Measure the horizontal range S and relate it to speed. When the hose mouth is open, 
S1 = v1t = v1(2h/g)1/2 

[1]

Or, v1 = S1(g/2h)1/2

Similarly, v2 = S2(g/2h)1/2

[1]
Then, v2 – v1 = (S2 – S1)(g/2h)1/2

[1]
 A measurement of S2 and S1 determines the increased speed.

(b) According to kinetic theory of gases for a perfect gas: 

P = (1/3)ρc2
Here, P is pressure of the gas, ρ is the density of the gas and c is the root mean square velocity of the gas molecules. Find an expression of the rate of the gas leakage from a small hole, cross-sectional area a, in a cubic container of side l, l >>a1/2. [5] 

Ans: The mass of gas emitted in time dt at time t when the pressure is P and density is ρ is given by dm = a.c.dt.ρ. Therefore, rate of gas leakage is 
[image: image1.wmf]dt

dm

= –ρac = –a(3ρP)1/2
(c )An object lies before a thin symmetric converging lens. Does the image distance increase, decrease or remain the same if we increase (i) the refractive index η of the lens, and (ii) the refractive index ηmed of the surrounding medium, keeping ηmed less than η ? [2.5 + 2.5]
Ans: (i) An increase in refractive index of a lens of fixed radii of curvature results in decreased focal length as seen from the Lens maker’s formula. From the relation between object distance, image distance and focal length, a decrease in focal length  for fixed object distance gives decreased image distance. [1.25 + 1.25]
(ii) ) Increasing refractive index of the medium results in decrease in effective refractive index of the lens. Therefore, focal length of the lens in the medium increases, which results in increased image distance. [1.25 + 1.25]
(d) (i) Consider a hollow sphere having uniform positive charge distribution at the surface. What is the total force acting on a negative charge at the center of the sphere? 



[2]
Ans: The charge distribution is uniform. Therefore, net field at the center is zero. Hence, force acting on any charge at the center is zero.

(ii) Electrons in an electric circuit pass through a resistor. The wire on either side of the resistor has the same diameter. a) How does the drift speed of the electrons before entering the resistor compare to the speed after leaving the resistor? Explain your reasoning. b) How does the potential energy for an electron before entering the resistor compare to the potential energy after leaving the resistor? Explain your reasoning.

[1.5 + 1.5]
Ans: (a) The wires are of same material, and have equal diameter. Drift speed depends upon the applied field, which is same for the wires. Therefore, the two speeds are equal.

[1.5]
(b) Potential energy is potential times charge. Potential drop in the resistor is much larger than in the copper wires. Therefore, potential energy before entering the resistor is less than potential energy after leaving the resistor.





[1.5]
(e) According to the Nepal Bureau of Standards, copper wire used for interior wiring of houses, hotels and industrial plants is permitted to carry no more than a maximum amount of current. The table below shows the maximum current Imax for several common sizes of wire with proper insulation. The “wire gauge” is a standard method to describe the diameter of the wire. Note that larger the diameter of the wire, the smaller the wire gauge.
	Wire gauge
	Diameter / cm
	Imax / A

	14
	0.163
	18

	12
	0.205
	25

	10
	0.259
	30

	8
	0.326
	40

	6
	0.412
	60

	5
	0.519
	65

	4
	0.649
	85


a) What considerations determine the maximum current-carrying capacity of household wiring?



[2]
Ans: The maximum amount of current needed at any time determines the current-carrying capacity of household wiring.

b) A total of 4200 W of power is to be supplied through the wires of a house to the household electrical appliances. If the potential difference across the group of appliances is 220 V, determine the gauge of the thinnest permissible wire that can be used. 




[3]
Ans: Maximum current needed at any time is 4200W/220V = 19.1 A. 


[1]

The nearest to it maximum permissible current in the table is 25 A and the corresponding gauge is 12 (0.205 cm)




[2]
_1229718066.unknown

