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4E5N Science(Physics) SA2 2007

Section A
Answer all the questions.

Write your answers in the spaces provided on the question paper.
1
A person winds some thread tightly 4 times round the length of a metre rule and cuts the ends off level with the left-hand end of the rule, as shown in Fig. 1.1.
[image: image1.emf]
Fig. 1.1

(a)
To the nearest metre, what is the length of the thread?
[1]

(b)
Is the actual length of thread slightly greater or slightly less than your answer to (a)? State your reasoning.
[2]
2
An unopened bottle of olive oil has a mass of 0.97 kg while the empty bottle has a mass of 0.51 kg. A new bottle of olive oil is opened and poured into three 250 cm3 measuring cylinders. The first two measuring cylinders are filled to the 250 cm3 mark. The third is shown in Fig. 2.1. Calculate the density of the olive oil.
[3]
[image: image2.emf]

Fig. 2.1
3
A falling metal hammer (1500 kg) is used to drive a hollow steel post into the ground, as shown in Fig. 3.1. The hammer is lifted by an electric motor and then falls freely to hit the baseplate.
[image: image3.emf]
Fig. 3.1

(a)
State the Principle of energy conservation.
[2]


(b)
If the metal hammer hits the baseplate with a speed of 8 m/s,



(i)
calculate the K.E. of the hammer as it hits the baseplate,
[2]



(ii)
calculate the height above the baseplate from which the hammer is dropped. State any assumption(s) you have made in your calculations.
[3]
4
A student compares the efficiency of two water heaters in the kitchen. Each heater consists of a tank to contain the water and an electrical heating element to heat the water.


The two tanks are different, but each tank contains the same amount of water and is heated by the same type of electrical heating element.


Fig. 4.1 shows part of the tank from the less efficient heater.
[image: image4.emf]
Fig. 4.1                                                     Fig. 4.2
4
(a)
Describe what happens to the air molecules outside the heater in Fig. 4.1 when convection currents are formed.
[2]


(b)
Explain how the more efficient heater in Fig. 4.2 reduces the energy lost by conduction, convection and radiation.
[3]

5
Fig. 5.1 shows an incorrect EM spectrum drawn by a student. The parts of the spectrum and the wavelengths are in the wrong order. The values of the wavelengths do not match the correct parts of the spectrum.
[image: image5.emf]
Fig. 5.1

(a)
On Fig. 5.2, complete the table of the EM spectrum. Radio waves and its corresponding wavelength have been inserted for you.
[2]
[image: image6.emf]
Fig. 5.2

(b)
State the speed of all EM waves in a vacuum.
[1]


(c)
State two uses of IR radiation.
[2]
6
Fig. 6.1 shows a ray of light about to strike mirror 1. Mirror 2 is parallel to mirror 1 and the reflected ray from mirror 1 strikes mirror 2. On Fig 6.1,
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Fig. 6.1

(a)
label the point of incidence on mirror 1 as X and draw the normal at X,
[1]


(b)
draw the reflected ray (to scale) from mirror 1,
[1]


(c)
mark the angle of incidence on mirror 2 as i and the angle of reflection as r.
[1]


(d)
show the complete ray diagram (to scale) until the ray is reflected from mirror 2.
[1]
7
A fishing boat uses echo sounding to detect a shoal of fish. Short pulses of high frequency sound are sent out from the boat and the echo from the shoal of fish is detected 0.2 s later. Sound waves travel through water at a speed of 1600 m/s. Calculate the distance that the shoal of fish is below the boat as shown in Fig. 7.1.
[2]
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Fig. 7.1
8
Electrostatic charges can be placed on objects by friction.

(a)
State the name of the charged particle that is transferred from one object to another in this process.
[1]

(b)
Fig. 8.1 shows petrol (gasoline) being pumped into a can. Electrostatic charges build up on the petrol and the pipe.
[image: image9.emf]
Fig. 8.1


(i)
Explain why this is dangerous.
[2]


(ii)
State what can be done to stop the electrostatic charge building up in this way.
[1]
9
Fig. 9.1 shows a fixed resistor and a variable resistor connected in a circuit. As the variable resistor is adjusted, determine
[image: image10.emf]
Fig. 9.1

(a)
the largest reading on the voltmeter,
[1]


(b)
the smallest reading on the voltmeter, and
[1]


(c)
the maximum power delivered by the battery.
[2]
10
A transformer has an output of 24 V when supplying a current of 2 A. The current in the primary coil is 0.4 A and the transformer is 100% efficient.

(a)
State Faraday’s Law.
[2]


(b)
Calculate the turns ratio of the transformer.
[2]

(c)
What is meant by the statement that the transformer is 100% efficient?
[1]


(d)
Describe how the transformer changes an input voltage into a different output voltage.
[3]
Section B

Answer any two questions.
Write your answers on the lined paper provided and, if necessary, continue on separate answer paper.
11
(a)
Fig. 11.1 shows a pendulum bob supported by two threads. The two threads are suspended from jaws of clamps held in separate retort stands. The two points of suspension are the same height above the bench and at a distance x apart. The length L of each thread is made the same such that L = 457 mm. Initially x = 30 mm.
[image: image11.emf]
Fig. 11.1


The pendulum is made to oscillate as shown in the side view of Fig. 11.1.


(i)
By moving one of the stands, the value of x is increased. The experiment is then repeated without changing the value of L. In all, five pairs of values of T (time for one oscillation) and x are obtained. These are shown in Fig. 11.2. On the graph grid on page 9, plot the graph of T / s against x / mm. Start your T scale at the value T = 0.9 s. Draw the best fit curve for the data.
[3]
[image: image12.emf]
Fig. 11.2



(ii)
From your graph, estimate the value of T for x = 0. Mark the graph to show how you obtained your value.
[1]


(iii) 
From your graph, state the relationship between T and x. Hence, provide a possible explanation why this relationship is observed.
[3]

Graph grid for Question 11 (a)(i)
[image: image13.emf]
11
(b)
(i)
Fig. 11.3 shows the use of a lever. If OP = 10 cm, PQ = 300 cm and Load = 50 N. Calculate the minimum effort required to lift the load.
[1]
[image: image14.png]fixed

Effort

Load





Fig. 11.3



(ii)
Is this an efficient setup for a lever to lift up the load? Explain your answer.
[2]
12
(a)
Fig. 12.1 shows a circuit containing a lamp and a variable resistor. The lamp does not light and altering the setting on the rheostat makes no difference. In the space below, redraw the circuit so that the rheostat may be used to control the brightness of the lamp.



[2]


[image: image15.emf]

Fig. 12.1
12
(b)
The lamps in a house are connected to the mains supply.
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Fig. 12.2


(i)
On Fig. 12.2, draw three lamps and their switches connected to the mains supply.
[2]



(ii)
Each lamp is labeled 240 V, 30 W. Calculate the current in one lamp when it is operating normally.
[2]



(iii)
What is the function of the fuse in the circuit?
[2]



(iv)
State, with reason(s), a possible fuse rating for this circuit.
[1]


(v)
What is the main difference between the use of a fuse and the use of a miniature circuit breaker (MCB) in a circuit?
[1]
13
(a)
A radioactive isotope emits only α-particles. Draw a labeled diagram of the apparatus you would use to prove that no β-particles or γ-radiation are emitted from the isotope. Describe the test you would carry out and explain how your results would show that only α-particles are emitted.
[6]

(b)
The noble gas, radon 
[image: image17.wmf](

)

Rn

220

86

, is radioactive. Radon nuclei decay to Polonium (Po) by emitting alpha-particles.


(i)
Explain what is meant by the term alpha-particle.
[1]



(ii)
Write down the equation which shows the decay of a nucleus of radon-220.
[1]



(iii)
A sample consists of 36 μg of radon-220. After a period of 3 mins only 4.5 μg of radon-220 remained. Calculate the half-life of radon-220. Show your working.
[2]
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