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Answer ANY FIVE parts. Each part carries 5 marks.

(i) Convert 0.45 mm to m and write your answer in scientific notation.
(ii) State the SI unit for energy and the unit for power.

For a battery with an emf of 12 V and an internal resistance of 5 Q, calculate the
maximum current it can deliver.

A water wave travels with a velocity of 0.64 m/s and the distance between two
consecutive wave peaks is 2.5 m. Calculate (i) the frequency (ii) the period of the wave.

Sketch the Maxwell-Boltzmann distribution of molecular energies for two different
temperatures, indicating which temperature is higher.

Outline how heat is transferred by convection.

Explain with the aid of a sketch why the apparent depth of a body when viewed under
water is less than its real depth.

Illustrate what is meant by total internal reflection and give one application of it.

For the following circuit, calculate
(i) the resistance of the parallel combination; [6 marks]
(ii) the total current drawn from the battery; [4 marks]
(iii) the voltage drop across the parallel combination; [4 marks]
(iv) the current in each branch of the parallel combination; [6 marks]
(v) the power dissipated in the 200 Q resistor. [5 marks]
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Distinguish clearly between heat and temperature. What is the lowest possible
temperature of a material on the Kelvin scale? [6 marks]

What is meant by a thermometric property? Give an example of one commonly used in
thermometry. [4 marks]

Explain what is meant by a latent heat. A container holding 280 g of water at an initial
temperature of 35 °Cis placed in a freezer. What power is needed to bring it to a final
temperature of -18 °C in a time of 6 minutes? (The specific heat capacity of water is

4186 J/kg-OC and that of ice is 2300 J/kg-OC; the latent heat of fusion of ice is

330 kJ/kg. The heat capacity of the container may be ignored.) [15 marks]
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An iron bar has a length of 1.5325 m at 30 °C. What will be its length at -10 °c? (The
coefficient of linear expansion for ironis 1.2 x 10~ 0C‘l.) [5 marks]

State the factors which determine the rate of heat flow through a material. The windows

in aroom are 1.5 m high by 90 cm wide and have a thickness of 8 mm. If the inside
temperature is 22 °C and the external temperature is -2 0C, calculate (i) the rate of heat

loss (or power loss) P through each window (i) the total heat lost through a window in

15 minutes. (The thermal conductivity of glass is 1.05 W/m'K.) [15 marks]

What is meant by a black-body? Give an example of a good approximation to a black-
body. [5 marks]

Sketch the formation of an image by a concave (diverging) lens for an object placed
inside its focus. Indicate clearly whether the image is real or virtual and whether it is
erect or inverted. [8 marks]

Answer EITHER (b) or (c)

A microscope comprises two convex (focusing) lenses with a separation of 10 cm. The
objective has a focal length of 8 mm and the eyepiece has a focal length of 9 cm. An

object is placed 12 mm in front of the objective. Sketch the formation of the final image
and calculate the overall magnification. [17 marks]

Describe the operation of the human eye as an optical instrument in imaging an object.
Explain how the eye focuses on near and distant objects and how this operation differs

from the operation of a convex glass lens. [17 marks]
(i) Define pressure and state its SI unit. [4 marks]
(i) Give a brief account of the measurement of blood pressure. [6 marks]

Water flows at a speed of 0.4 m/s through a garden hose that has a radius of 3 cm. The
hose is horizontal.
(i) Calculate the cross-sectional area of the hose.
(if) At what speed does the water flow through a nozzle at the end of the hose if the
nozzle has a cross-sectional area of 2.8 x 10> m*?
(111) Use Bernoulli’s Principle to determine the pressure of the water entering the hose
if the pressure at the nozzle is 2 x 10° Pa. (The density of water is 1000 kg/ m’.)
[15 marks]
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An orchestra plays very softly at an average intensity of 7.5 x 10~ W/m”. What is the
intensity level in dB? (The threshold of human hearing is lo = 10™"> W/m’.) [8 marks]

A Doppler flowmeter is used to measure the speed of blood flow. Explain briefly how it
works. [9 marks]

A bat moves with a speed of 3 m/s towards an insect sitting on a tree trunk. The bat
emits a sound of frequency 35 kHz. Calculate the frequency heard by the insect. If the
speed of the bat increases, will the frequency heard by the insect increase or decrease?
(Take the speed of sound in air to be 343 m/s.)

[8 marks]

Useful information

Stefan constant: o= 5.67 x 10~ W/m*K*:
Wien law constant = 2.898 x 10~ m-K:
Absolute zero = -273 °C.



