2007 Leaving Cert Physics Solutions (Ordinary Level)
1. 

A student investigated the laws of equilibrium for a set of co-planar forces acting on a metre stick. The weight of the metre stick was 1.2 N and its centre of gravity was at the 50 cm mark.

[image: image1.emf]The student applied the forces shown to the metre stick until it was in equilibrium.

(i) How did the student know the metre stick was in equilibrium? 

It was level / horizontal / no movement.
(ii) Copy the diagram and show all the forces acting on the metre stick. 

As in the diagram, but there should also be the weight of the metre stick (1.2 N) shown at the 50 cm mark.
(iii) Find the total upward force acting on the metre stick.

20.2 N
(iv) Find the total downward force acting on the metre stick.

15 + 4 + 1.2 = 20.2 N
(v) Explain how these values verify one of the laws of equilibrium. 

The sum of forces is zero / the upward forces = the downward forces
(vi) Find the sum of the anticlockwise moments of the upward forces about the 0 mark.

Moment = F × d:  (0.3 × 10) + (0.9 × 10.2) = 12.18 N m
(vii) Find the sum of the clockwise moments of the downward forces about the 0 mark.

Moment = F × d:  (0.27 × 4) + (0.5 × 1.2) + (0.7 × 15) = 12.18 N m
(viii) Explain how these values verify the other law of equilibrium. 

The sum of the moments is zero (sum of clockwise moments = sum of anti-clockwise moments)
[image: image4.emf]2. You carried out an experiment to measure the wavelength of a monochromatic light source using a diffraction grating. The diffraction grating had 600 lines per mm.

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

See diagram
(ii) Name a source of monochromatic light. 

The laser
(iii) State what measurements you took during the experiment. 

Distance from grating to screen 

Distance between dots on the screen
(iv) What is the distance between each line on the diffraction grating? 

[image: image21.emf]
(v) How did you determine the wavelength of the light? 

Using the formula nλ = d sin (, where d was d was calculated above, n was the order of the dots on either side and ( corresponded to the angle shown in the diagram.
(vi) Give one precaution that you took to get an accurate result.

Ensure that the diffraction grating is perpendicular to the (monochromatic) light, use a grating with a large number of lines, ensure D is large, repeat for different orders and take the average, etc.

3. A student carried out an experiment to obtain the calibration curve of a thermometer.

The following is an extract from her report.

I placed the thermometer I was calibrating in a beaker of water along with a mercury thermometer which I used as the standard. I recorded the value of the thermometric property of my thermometer and the temperature of the water as shown on the mercury thermometer. I repeated this procedure at different temperatures. The following is the table of results that I obtained.

	Temperature/°C
	0
	20
	40
	60
	80
	100

	Value of thermometric property
	4
	12
	24
	40
	64
	150


[image: image5.emf]
(i) Draw a labelled diagram of the apparatus used in the experiment.

See diagram

(ii) Using the data in the table, draw a graph on graph paper of the value of the thermometric property against its temperature. Put temperature on the horizontal axis (X-axis). 

[image: image2.emf]
(iii) Use your graph to estimate the temperature when the value of the thermometric property is 50.

700 C {Accept 68 – 72 0C} 
(iv) Give an example of a thermometric property. 

Length of a column of liquid/ Resistance / emf / voltage / colour / volume / pressure, etc.
(v) How was the value of this thermometric property measured? 

Metre stick/ / ohmmeter / multimeter etc.
4. In an experiment to verify Joule’s law, a heating coil was placed in a fixed mass of water.

A current I was allowed to flow through the coil for a fixed length of time and the rise in temperature Δθ was recorded. This was repeated for different values of I.

[image: image6.emf]The table shows the data recorded.

	I/A
	1.0
	1.5
	2.0
	2.5
	3.0
	3.5
	4.0

	I 2/A2
	
	
	4
	
	
	
	

	Δθ/°C
	2.2
	5.0
	8.8
	13.8
	20.0
	26.0
	35.2


(i) Draw a labelled diagram of the apparatus used. 
See diagram
(ii) How was the current changed during the experiment? 

Adjust the (variable) power supply // adjust the (variable) resistor

(iii) Copy the table and complete it in your answerbook. 

	I/A
	1.0
	1.5
	2.0
	2.5
	3.0
	3.5
	4.0

	I 2/A2
	1
	2.25
	4
	6.25
	9
	12.25
	16

	Δθ/°C
	2.2
	5.0
	8.8
	13.8
	20.0
	26.0
	35.2


(iv) Using the data in the completed table, draw a graph on graph paper of Δθ against I2.
[image: image7.emf]Put I2 on the horizontal axis (X-axis). 
See graph

(v) Explain how your graph verifies Joule’s law (Δθ α I2).
We got a straight line through the origin showing that Δθ α I2
5. 
(a) State Newton’s second law of motion. 
The rate of change of momentum is directly proportional to the applied force.

(b) Which of the following is not a renewable source of energy: wind, nuclear, solar, hydroelectric?
Nuclear
(c) The temperature of a body is 34 °C. What is its temperature in kelvin? 
273 + 34 = 307 (K)
(d) Name two methods by which heat can be transferred. 
Conduction, convection, radiation.
(e) The diagram shows parallel rays of light approaching a concave mirror. 
Copy the diagram and show the paths of the rays after they strike the mirror. 
[image: image8.emf][image: image9.emf]
(f) Give one application of the Doppler effect. 
Red shift of stars / speed detection.
(g) Name two safety devices that are used in domestic electric circuits. 
[image: image10.emf]Fuse, (trip) switch, miniature circuit breaker / MCB, residual current device / RCD, earthing,bonding, etc.

(h) Name the electrical component represented in the diagram. 
LDR / light dependant resistor
(i) Draw a sketch of the magnetic field around a bar magnet. 
[image: image3.emf]
(j) The half life of a radioactive element is 3 days. 
What fraction of a sample of the radioactive element will remain after 9 days?
After 3 days(one half-life) ½ would remain, after 6 days  (two half –lives) ¼ would remain, and after 9 days (three half-lives)  ⅛ would remain.
6. 
(i) [image: image11.emf]Define work and give the unit of measurement.

Work is the product of force by displacement (distance).

Unit: joule
(ii) Define power and give the unit of measurement. 
Power is the rate at which work is done

Unit: watt
(iii) What is the difference between potential energy and kinetic energy? 

Potential energy is energy a body has due to its position; kinetic energy is energy a body has due to its motion,

(iv) An empty lift has a weight of 7200 N and is powered by an electric motor. The lift takes a person up 25 m in 40 seconds. The person weighs 800 N.

Calculate the total weight raised by the lift’s motor.
7200 + 800 =  8000 (N)
(v) Calculate the work done by the lift’s motor. 
Work = Force × distance = 8000 × 25 =  200,000  J (200 kJ)
(vi) Calculate the power output of the motor.
Power = work/time =200,000/40 = 5000 W
(vii) Calculate the energy gained by the person in taking the lift. 
Energy = Force × distance = 800 × 25 = 20,000 J
(viii) If instead the person climbed the stairs to the same height in 2 minutes, calculate the power generated by the person in climbing the stairs. 
Power = work/time = (800 × 25)/120 = 166.6 W
(ix) Give two disadvantages of using a lift.
Needs more energy / uses energy / no exercise so not good for health /cost involved / can be dangerous, etc.

7. 
Resonance occurs when a vibrating object causes vibrations in nearby objects which have the same natural frequency.

(i) Explain the underlined terms.
Resonance is the transfer of energy between two objects which have the same natural frequency.

Natural frequency is the frequency at which an object will vibrate if free to do so.

(ii) Describe an experiment to demonstrate resonance. 
· [image: image12.emf][image: image13.emf]Use two identical tuning forks and a sound-board.

· [image: image14.emf][image: image15.emf][image: image16.emf]Start one fork vibrating, place it on the sound-board and notice the sound.

· Place the second tuning fork on the sound-board and then stop the first tuning fork from vibrating.

· The second fork can now be heard.
(iii) [image: image17.emf]The diagram shows the waveform of a musical note.

[image: image18.emf]What is the name given to (i) the distance A, (ii) height B? 

A = wavelength

B = amplitude 
(iv) Explain what is meant by the frequency of a wave. 
The frequency of a wave is the number of waves passing a fixed point per second.

(v) State the wave property on which (i) the loudness, (ii) the pitch, of a note depends.
(i) Loudness depends on amplitude

(ii) Pitch depends on frequency

(vi) A tin-whistle produces a note of 256 Hz. Calculate the wavelength of this note.

The speed of sound in air is 340 m s−1
c = fλ (λ = c/f ( λ = 340/256 = 1.33 m.
8. 
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Dispersion occurs when a beam of white light passes through a prism forming a spectrum on a screen, as shown in the diagram.
(i) What is meant by the terms dispersion and spectrum? 
Dispersion – the breaking up of white light into its (constituent) colours

Spectrum – the range of colours present in white light.

(ii) What happens to the white light when it enters the prism at Z? 
It changes direction.

(iii) Name the invisible radiation formed on the screen at (i) region X, (ii) region Y. 
X = infra-red, Y = ultra-violet 

(iv) Describe how to detect one of these invisible radiations. 
	
	Infra red
	Ultra violet

	Apparatus
	Infra red thermometer
	Florescent material

	Procedure
	Place thermometer just beyond the red end of a spectrum
	Place the florescent material just beyond the violet end of the spectrum

	Observation
	There will be a rise in temperature
	The material fluoresces (glows)


(v) Give a use for one of these invisible radiations.
Infra Red: Source of heat, keep things warm, hatch chickens, heat treatment of muscles etc.
Ultra-violet: detect forged currency, disco lights, used in insect removal device, sterilisation, suntan, forensics, etc.

(vi) The colour on a TV screen is made by mixing the primary colours.

Name the primary colours. 
Red, green, blue
(vii) How is a secondary colour (e.g. yellow) produced on a TV screen? 
Mix two primary colours.
9. (a)

(i) State Coulomb’s law of force between charges. 
[image: image20.emf]Coulomb’s Law states that the force between two point charges is proportional to the product of the charges and inversely proportional to the square of the distance between them.

(ii) The diagram shows a positively charged gold leaf electroscope.

Describe how an electroscope is given a positive charge.
Bring a negatively charged rod close to the cap.

Earth the electroscope by touching it with your finger while still holding the rod close by.

Remove your finger, then remove the rod.
(iii) What is observed when the cap of an electroscope is earthed? 

The leaves drop.
Why does this happen?

The positive charges move from the cap to the earth (or the negative charges move from the earth to the cap).
(iv) How is the cap of the electroscope earthed? 

By touching it with your finger.

9. (b)
A capacitor is connected to a switch, a battery and a bulb as shown in the diagram. When the switch is moved from position A to position B, the bulb lights briefly.
(i) What happens to the capacitor when the switch is in position A?
It charges.
(ii) Why does the bulb light when the switch is in position B? 
The capacitor discharges so current briefly runs through the bulb.
(iii) When the switch is in position A the capacitor has a charge of 0.6 C, calculate its capacitance. 
C = Q/V = 0.6/6 = 0.1 Farads
(iv) Give a use for a capacitor.
Store charge, (radio) tuning, filtering, smoothing, camera, phone charger.
10. 
X-rays were discovered by Wilhelm Röntgen in 1895.

(i) What are X-rays? 

Electromagnetic waves/ radiation
(ii) Give one use for X-rays. 
To photograph bones/ internal organs, to treat cancer, to detect flaws in materials, etc.

(iii) The diagram shows a simple X-ray tube.

Name the parts labelled A, B and C. 
A = Cathode / heating coil

B = Anode (target)
C = Lead shield
(iv) Electrons are emitted from A, accelerated across the tube and strike B.

Explain how the electrons are emitted from A. 
Thermionic emission occurs because the filament is hot. 

(v) What is the purpose of the high voltage supply? 
To accelerate the electrons.

(vi) What happens when the electrons hit part B? 
Electrons at the anode get ex cited to very high orbital levels, and as they fall back down they emit X-rays.

(vii) Name a suitable material to use for part B. 
Tungsten
(viii) Give one safety precaution when using X-rays. 
Use a lead shield, lead apron, lead glass, monitor dosage.
11. 
Read this passage and answer the questions below. Radon is a naturally occurring radioactive gas. It originates from the decay of uranium, which is present in small quantities in rocks and soils. Radon is colourless, odourless and tasteless and can only be detected using special equipment, like a Geiger-Müller tube, that can measure the radiation it releases. Because it is a gas, radon can move freely through the soil and enter the atmosphere. When radon reaches the open air, it is quickly diluted to harmless concentrations, but when it enters an enclosed space, such as a house, it can sometimes accumulate to unacceptably high concentrations. Radon can enter a building from the ground through small cracks in floors and through gaps around pipes and cables. Radon is drawn from the ground into a building because the indoor air pressure is usually lower than outdoors. Being radioactive, radon decays releasing radiation.

When radon is inhaled into the lungs the radiation released can cause damage to the lung tissue.

(Adapted from Understanding Radon, A Householder’s Guide by the RPII.)

(a) What is radioactivity? 
It is the decay of nuclei with the emission of radiation
(b) What is the source of radon? 

Uranium, radium, rocks, soil.
(c) Name a detector of radiation. 
Geiger –Muller tube, ionisation chamber, cloud chamber.
(d) How does radon enter a building? 
Through small cracks, through the floor, through gaps around pipes
(e) How can the build-up of radon in the home be prevented? 
By installing a radon membrane, installing a depressurising unit, sealing cracks, sealing gaps, having good ventilation, etc.

(f) Why is radon dangerous? 
It can cause damage to lung tissue (it can cause cancer).
(g) Why is radon harmless in the open air? 
It is diluted (to harmless concentrations) 
(h) Name a radioactive element other than radon. 
Uranium, radium, plutonium, carbon 14, etc.
12. 

(a) 
(i) State the principle of conservation of momentum.
The Principle of Conservation of Momentum states that in any collision between two objects, the total momentum before impact equals total momentum after impact, provided no external forces act on the system.
(ii) A rocket is launched by expelling gas from its engines. 
Use the principle of conservation of momentum to explain why a rocket rises. 
The gas moves down (with a momentum) causing the rocket to move up (in the opposite direction with an equal momentum)

(iii) The diagram shows two shopping trolleys each of mass 12 kg on a smooth level floor.

Trolley A moving at 3.5 m s−1 strikes trolley B, which is at rest.

After the collision both trolleys move together in the same direction.
Calculate the initial momentum of trolley A 

(mu = ) 12×3.5 =  42 kg m s-1
(iv) Calculate the common velocity of the trolleys after the collision. 
Momentum before = Momentum after 
42 = m3v3
( v3 = 42/m3
(
v = 42/24 =  1.75 ( m s-1)
(b) 
(i) Define pressure.

Pressure = Force divided by Area.

(ii) Describe an experiment to demonstrate that the atmosphere exerts pressure. 
Apparatus: glass of water and cardboard 

Procedure: place cardboard over glass and invert

Observation/conclusion: water remains in glass
(iii) State Boyle’s law.

Boyle’s Law states that at constant temperature, the volume of a fixed mass of gas is inversely proportional to its pressure.
(iv) A balloon rises through the atmosphere while the temperature remains constant.

The volume of the balloon is 2 m3 at ground level where the pressure is 1000 hPa.

Find the volume of the balloon when it has risen to a height where the atmospheric pressure is 500 hPa.

(P1V1 = P2V2) ( 1000 × 2 = 500 × V2. ( V2 = (1000 × 2)/500 = 4 m3.
(v) What will happen to the balloon as it continues to rise? 
It will continue to expand
(c) 
The circuit diagram shows two resistors connected in series with a 6 V battery.

(i) State Ohm’s law. 

Ohm’s Law states that the current flowing through a conductor is directly proportional to the potential difference across it, assuming constant temperature.

(ii) Calculate the total resistance of the circuit.
R = 3 + 9 = 12 Ω
(iii) Calculate the current in the circuit.
V=IR ( I = V/R = 6/12 = 0.5 A
(iv) Calculate the potential difference across the 9 Ω resistor. 

V = I R = 0.5×9 = 4.5 V
(v) Name an instrument used to measure potential difference. 

A voltmeter

(d) 
The diagram shows a transformer.

(i) What is electromagnetic induction? 
Electromagnetic Induction occurs when an emf is induced in a coil due to a changing magnetic flux.

(ii) Name the parts labelled A and B.

A = soft iron core

B = primary coil
(iii) The input voltage is 230 V. Part B has 4600 turns and part C has 120 turns.

Calculate the output voltage.

Vin/Vout = Ninput/Noutput
230/Vout = 4600/120

Vout = 230 × (120/4600) = 6 Volts
(iv) Name a device that uses a transformer.
Mobile phone charger, television, power supply, washing machine, etc.
