2002 Leaving Cert Physics Solutions (Ordinary Level)
1. 

[image: image1.emf]You have carried out an experiment to measure g, the acceleration due to gravity. 

(i) Draw a labelled diagram of the apparatus you used. 
See diagram.

(ii) Describe the procedure involved in measuring the time in this experiment.

When we flicked the switched it turned on the timer and this remained on until the ball fell through the trap-door at the bottom. The time was then read from the timer.

(iii) As well as measuring time, what other measurement did you take? 

The distance travelled by the ball.

(iv) Outline how you got a value for g from your measurements.  

s = ut + ½ (g) t2 
 
g = 2s/t2
(v) Name one precaution you took to get an accurate result.
For a given length repeat and use the smallest time value recorded for t.
2. 

In a report of an experiment to investigate the variation of fundamental frequency of a stretched string with length, a student wrote the following. 

“The wire was set vibrating at a known frequency. The length of the wire was adjusted until it vibrated at its fundamental frequency. The length was recorded. A different frequency was applied to the wire and new measurements were taken. This procedure was repeated a few times.” 

(i) How was the wire set vibrating? 

[image: image2.emf]Using a signal generator in series with a metal wire which had a magnet around it.
(ii) How was the length adjusted? 
By moving the position of one of the bridges.
The table shows the measurements recorded by the student.
[image: image3.emf]
(iii) Copy the table and complete the last row by calculating 1/ length1for each measurement. 

[image: image4.emf]
(iv) [image: image5.emf]Plot a graph on graph paper of fundamental frequency against 1/ length. Put fundamental frequency on the vertical axis. 

(v) What does the graph tell you about the relationship between fundamental frequency and length?

The straight line through the origin shows that frequency is inversely proportional to length.

3.

A student carried out an experiment to measure the focal length of a concave mirror. 
The student placed an object at different positions in front of the mirror so that a real image was formed in each case. 

The table shows the measurements recorded by the student for the object distance u and the image distance v.

[image: image6.emf]
(i) [image: image7.emf]Draw a labelled diagram showing how the apparatus was arranged. 
See diagram.

(ii) Describe how the student found the position of the image. 
The position of the screen was adjusted until the image of the cross-wires came into focus.

(iii) Show on your diagram the object distance u and the image distance v. 

[image: image8.emf]
(iv) Using the formula or otherwise and the above data, find an average value for the focal length f of the mirror.

1/f:  0.066, 0.057, 0.049, 0.049
  
f: 15.2, 17.67, 20.2, 20.6

 average value for f = 18.4 cm.
[image: image9.emf]4.
The circuit diagram shows a thermistor connected to a meter M. 
A student used the circuit to measure the resistance R of the thermistor at different temperatures θ. 

(i) Name the meter M used to measure the resistance of the thermistor. 

Ohmmeter

(ii) [image: image10.emf]Explain, with the aid of a labelled diagram, how the student varied the temperature of the thermistor.
The apparatus was placed over a hot plate which heated the water and then the glycerol and the thermistor.

(iii) How did the student measure the temperature of the thermistor?

Using a thermometer.

[image: image11.emf]The table shows the measurements recorded by the student.

(iv) [image: image12.png]


Draw a graph on graph paper of resistance R against temperature θ. Put temperature on the horizontal axis.
(v) Using your graph, estimate the temperature of the thermistor when the meter M read 740 Ω.
35 0C.

5.

(a) What is friction? 
Friction is a force which opposes the relative motion between two objects.

(b) A car of mass 800 kg is travelling at 10 m s-1. What is its kinetic energy? 

Ek = ½mv2 
 E = ½ 800 × 102 
 E = 40,000 J

(c) In the following table, match the scientist in the first column with the law in the second column. 

	A. Michael Faraday 
	1. Law of refraction 

	B. Isaac Newton 
	2. Law of electromagnetic induction 

	C. Willebrord Snell 
	3. Law of gravitation 


A = 2, B = 3, C = 1
(d) What is the effect of increasing the U-value of a structure? 

It means that the heat conductivity of the structure is increased.
(e) What physical quantity is measured in decibels? 

Sound intensity level
(f) A lens has a power of +50 m-1. What type of lens is it and what is its focal length? 

[image: image13.emf]P = 1/f 
 f = 1/P 
 f = .02 m. It is a converging (convex) lens.

(g) What is meant by a thermometric property?  

A Thermometric Property is any physical property that changes measurably with temperature.
(h) [image: image14.emf]Give an example of the Doppler Effect. 

The pitch of moving sound source changes as it goes past.
(i) What is the purpose of a miniature circuit breaker (MCB) in an electrical circuit? 

To prevent current overload.

(j) A pear-shaped conductor is placed on an insulated stand as shown. The conductor is given a positive charge. Copy the diagram and show how the charge is distributed over the conductor. 

6.
(i) Define velocity.

Velocity is the rate of change of displacement with respect to time.
(ii) Define acceleration.

Acceleration is the rate of change of velocity with respect to time

(iii) Copy and complete the following statement of Newton’s first law of motion. 

“An object stays at rest or moves with constant velocity (i.e. it does not accelerate) unless an external force acts on it”.
The diagram shows the forces acting on an aircraft travelling horizontally at a constant speed through the air.

[image: image15.emf]
L is the upward force acting on the aircraft. 

W is the weight of the aircraft. 

T is the force due to the engines. 

R is the force due to air resistance.

(iv) What happens to the aircraft when the force L is greater than the weight of the aircraft?

It accelerates upwards.

(v) What happens to the aircraft when the force T is greater than the force R?

It accelerates forward.

(vi) The force T exerted by the engines is 20 000 N. Calculate the work done by the engines while the aircraft travels a distance of 500 km.

Work = Force × displacement 
 20000 × 500 000 = 1 × 1010 (J)
(vii) The aircraft was travelling at a speed of 60 m s-1 when it landed on the runway. It took two minutes to stop. Calculate the acceleration of the aircraft while coming to a stop.

v = u + at 
 0 = 60 + a (120) 
 a = - 0.5 m s-2
(viii) The aircraft had a mass of 50 000 kg. What was the force required to stop the aircraft?

F = ma 
 F = 50 000 × 0.5 = 25 000 N.
(ix) Using Newton’s first law of motion, explain what would happen to the passengers if they were not wearing seatbelts while the aircraft was landing.  

They would continue to move at the greater initial velocity and so would be ‘thrown’ forward.

7. 
(i) The dispersion of white light can be produced by refraction or diffraction. 
Explain the underlined terms.
Refraction is the bending of light as it passes from one medium to another.

Diffraction is the spreading of waves around a slit or an obstacle.
(ii) Describe an experiment to demonstrate the dispersion of white light.
[image: image16.emf]Apparatus: white light source, prism, screen

Procedure: shine light through the prism and rotate the prism.

Observation: different colours are visible on the screen.
(iii) The following table gives examples of electromagnetic waves and their typical wavelengths.
Name one property that all of these waves have in common.

[image: image17.emf]
They can all travel through a vacuum, refraction, diffraction, polarisation, interference, etc.

(iv) What is the frequency of the radio waves? The speed of light is 3 × 108 m s-1.

c = fλ 
 f = c/ λ 
 
f = (3 × 108)/100  
 
 f = 3 × 106 Hz.
(v) Describe how infrared radiation can be detected.

With a blackened thermometer, infrared camera.

(vi) Give two uses of microwaves.

Radar, mobile phones, speed trap, microwave oven.

8.

(i) Explain potential difference. 

The Potential difference between two points is the work done in bringing a charge of 1 Coulomb from one point to the other.
(ii) Explain electric current.

An electric current is a flow of charge.

(iii) Give one difference between conduction in metals and conduction in semiconductors. 
There are two types of charge carriers (holes and electrons) in semiconductors, whereas with metals electrons are the only charge carriers.
Conduction increases with temperature for semiconductors whereas conduction decreases with temperature for metals.
(iv) [image: image18.emf]A circuit consists of a 3 Ω resistor and a 6 Ω resistor connected in parallel to a 1.5 V d.c. supply as shown. 

Calculate the total resistance of the two resistors.

1/R = 1/3 + 1/6 

 1/R = 1/2 

 R = 2 Ω.

(v) Calculate the current flowing in the circuit. 

V = IR 
 I = V/R 
 I = 1.5/2 
= 
0.75 A

(vi) What is the current in the 3 Ω resistor?

Voltages in parallel are the same and the supply voltage is in parallel with the 3 Ω resistor, so the voltage across the 3 Ω resistor is also 1.5 Volts   I = 1.5/3 
=  0.5  A
(vii) Semiconductors can be made p-type or n-type. How is a semiconductor made p-type?

By doping it with Boron.

(viii) Draw a diagram showing a p-n junction connected in forward bias to a d.c. supply.

[image: image19.emf]
(ix) Give two uses of semiconductors. 

Rectifiers, transistors, diodes, thermistors, thermometers, radios/TV, etc.

9. 

(i) What is electromagnetic induction? 

Electromagnetic Induction occurs when an emf is induced in a coil due to a changing magnetic flux.

(ii) [image: image20.emf]Describe an experiment to demonstrate electromagnetic induction. 

Apparatus: coil, magnet and galvanometer. 

Procedure: Set up as shown. Move the magnet in and out of the coil.

Observation: the needle deflects.
(iii) The transformer is a device based on the principle of electromagnetic induction. 

Name two devices that use transformers. 

[image: image21.emf]Computer, radio, TV, doorbell, washing machine, mobile phone chargers.
(iv) Name the parts of the transformer labelled A, B and C in the diagram. 

A = primary/input coil, B = (iron) core, C = secondary/output coil

(v) The mains electricity supply (230 V) is connected to A, which has 400 turns. C has 100 turns. What is the reading on the voltmeter? 

Vin/Vout = Ninput/Noutput
230/Vout = 400/100

Vout = 230 × (100/400) = 57.5 Volts

(vi) How is the part labelled B designed to make the transformer more efficient? 

It has a laminated core.

(vii) The efficiency of a transformer is 90%. What does this mean?
10% of the power in is lost.

[image: image22.emf]10.

(i) What is thermionic emission?

Thermionic emission is the emission of electrons from the surface of a hot metal.

(ii) The diagram shows a simple cathode ray tube. 

Name the parts labeled A, B, C and D in the diagram. 
A = filament/heater, B = cathode, C = anode, D = screen

(iii) Give the function of any two of these parts. 
A heats the cathode.

B is the source of the electrons.

C attracts electrons.

D (fluorescent screen) detects electrons.

(iv) How can the beam of electrons be deflected?

[image: image23.emf]With electric and magnetic fields.

(v) Give a use of a cathode ray tube. 

Old-style televisions, X-ray machine/oscilloscope/ computer monitor /heart monitor/ECG.
(vi) In an X-ray tube, electrons are also produced by thermionic emission. Draw a sketch of an X-ray tube. 
See diagram

(vii) Why is a lead-shield normally put around an X-ray tube?

For protection (to prevent X-rays entering the body).

11.

Chernobyl 
The world’s most devastating nuclear accident happened at Chernobyl in the Ukraine in 1986. In the early hours of the morning of 26 April of that year, there were two loud explosions that blew the roof off and completely destroyed the No. 4 reactor, releasing during the course of the following days, 6 to 7 tonnes of radioactive material, with a total activity of about 1018 becquerels, into the atmosphere. 

The discharge included over a hundred radioisotopes, but iodine and caesium isotopes were of main relevance from a human health and environmental point of view. Contamination in the surrounding areas was widespread, with the half-life of some of the materials measured in thousands of years. 

Large numbers of people involved in the initial clean up of the plant received average total body radiation doses of about 100 mSv - about five times the maximum dose permitted for workers in nuclear facilities. Average worldwide total body radiation dose from natural ‘background’ radiation is about 2.4 mSv annually. 

During, and soon after the accident and the initial clean-up, at least 30 plant personnel and firefighters died from burns and radiation. In the eight years following the accident, a further 300 suffered radiation sickness, and there are possible links between the accident and increased numbers of thyroid cancers in neighbouring regions. 

(Adapted from “Physics – a teacher’s handbook”, Dept. of Education and Science.) 

(i) What is meant by a nuclear accident? 

release/leakage of radiation/radioactive materials/energy (due to a mishap/fire/explosion)

(ii) The No. 4 reactor was a fission reactor. What is nuclear fission?
Nuclear Fission is the break-up of a large nucleus into two smaller nuclei with the release of energy (and neutrons).
(iii) Name two parts of a nuclear fission reactor. 

Fuel rods, control rods, shielding, moderator, coolant.
(iv) What is measured in becquerels? 

Rate of decay, activity of a radioactive substance.
(v) Give two examples of radioisotopes. 

(vi) Iodine, caesium, radon, carbon 14, etc.
(vii) What is meant by the half-life of a substance?

The half-life of an element is the time taken for half of the nuclei in the sample to decay.
(viii) What is meant by background radiation?

Radiation which is in the environment due to rocks/cosmic radiation.
(ix) Give two effects of radiation on the human body.
Cancer, skin burns, sickness, kills cells genetic effects, death, cures cancerous effects, sterilise, etc.
[image: image24.emf]12.

(a)

(i) What is meant by pressure? Give the unit of pressure.

Pressure is force divided by area. The unit of pressure is the pascal.

(ii) Name an instrument used to measure pressure.

The barometer.

(iii) When air is removed from the metal container shown in the diagram, it collapses. Explain why.

The pressure outside (due to atmospheric pressure) is greater than the pressure inside.

(iv) The wind exerts a horizontal force of 1000 N on a wall of area 20 m2. Calculate the pressure at the wall.

P = F/A = 1000/20 = 50 Pascals. 
(b)

(i) Define specific heat capacity. 
The Specific Heat Capacity of a substance is the heat energy needed to change one kilogram of the substance by one Kelvin.

(ii) An electric kettle contains 1.5 kg of water. The specific heat capacity of water is 4180 J kg-1 K-1. 

Calculate the amount of energy required to raise the temperature of the water from 15 0C to 100 0C. 

Q = mcΔθ 
 
Q = 1.5 × 4180 × 85 
=
 532 950 J.
(iii) The kettle takes 4 minutes to heat the water from 15 0C to 100 0C. Calculate the power of the kettle. 

(Assume all the energy supplied is used to heat the water).
P=W/t 
 P = 532 950/240 
 P = 2221 W.
(iv) Why is the heating element of an electric kettle near the bottom?

Because hot water rises.
[image: image25.emf](c)

(i) Define capacitance. 

The Capacitance of a conductor is the ratio of the charge on the conductor to its potential.

(ii) Diagram A shows a capacitor connected to a bulb and a 12 V a.c. supply. 

Diagram B shows the same capacitor connected to the bulb, but connected to a 12 V d.c. supply. 

What happens in each case when the switch is closed? Explain your answer.
[image: image26.emf]In diagram A the bulb lights because a capacitor ‘conducts’ a.c. (it is continually charging and discharging).
In diagram B the bulb does not light because a capacitor does not conduct d.c.
(iii) Describe an experiment to demonstrate that a capacitor can store energy.

Set up as shown.

Close the switch to charge the capacitor.

Remove the battery and connect the terminals together to ‘short’ the circuit.

The bulb will flash as the capacitor discharges, showing that it stores energy.

(d)

(i) [image: image27.emf]The diagram shows a U-shaped magnet. Copy the diagram and show on it the magnetic field lines due to the magnet. 

Show field lines going in straight lines from North to South.
(ii) [image: image28.emf]Describe an experiment to demonstrate that a current-carrying conductor in a magnetic field experiences a force.

Set up as shown.

Turn on the power supply.

The foil moves up (or down - depending on the direction of the current).

(iii) List two factors that affect the size of the force on the conductor.

(iv) Strength of magnetic field, size of current flowing, length of conductor in magnetic field.
(v) Name one device that is based on the principle that a current-carrying conductor in a magnetic field experiences a force.
Motor, galvanometer, loudspeaker.
