2004 Leaving Cert Physics Solutions (Ordinary Level)
1.
In an experiment to verify Boyle’s law, a student measured the volume of a gas at different pressures. 
The table shows the measurements recorded by the student.
[image: image1.emf]
(i) Draw a labelled diagram of the apparatus used in this experiment.
[image: image4.emf]See diagram.

(ii) Copy this table and fill in the last row by calculating 1/ volume for each measurement. 
[image: image24.emf]
(iii) Plot a graph on graph paper of pressure against 1/volume.

[image: image5.emf]
(iv) Explain how your graph verifies Boyle’s law.
A straight line through the origin shows that pressure is proportional to 1/volume
(v) Give one precaution that the student took in carrying out the experiment. 

After changing pressure wait a short time before taking readings / read the volume scale at eye level.

2. 
In a report of an experiment to measure the specific heat capacity of a substance (e.g. water or a metal), a student wrote the following.
“I assembled the apparatus needed for the experiment.

[image: image6.emf]During the experiment I took a number of measurements of mass and temperature.

I used these measurements to calculate the specific heat capacity of the substance.”

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

See diagram.
(ii) What measurements of mass did the student take during the experiment?

Mass of calorimeter, mass of calorimeter + water, 
(iii) What temperature measurements did the student take during the experiment?

Initial temperature of water, final temperature of water.
(iv) Give a formula used to calculate the specific heat capacity of the substance. 

Energy supplied = (mcΔθ)cal + (mcΔθ)water where Δθ is the change in temperature and ccal is known.
(v) Give one precaution that the student took to get an accurate result. 
Lagging, use sensitive thermometer, ensure that heating coil is completely immersed in the liquid, stir the liquid, large temperature change, etc.
3.

You carried out an experiment to measure the wavelength of a monochromatic light source.

(i) Name a monochromatic light source. 

A laser or a sodium lamp.
(ii) Draw a labelled diagram of the apparatus that you used in the experiment. 

[image: image7.emf]See diagram

(iii) What readings did you take during the experiment?

Distance from grating to screen 

Distance between dots on the screen
(iv) What formula did you use to calculate the wavelength of the light?

nλ = d sin (
(v) 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.

4.

[image: image8.emf] The diagram shows a circuit used to investigate the variation of current with potential difference for a copper sulfate solution.

(i) Name the instrument used to measure the current.
An ammeter

(ii) How was the potential difference measured in the experiment?
Using a voltmeter.

(iii) Name the apparatus Y and give its function in the experiment.
Y is a rheostat which is a variable resistor; by adjusting it you vary the resistance which in turn varies the resistance and current.

(iv) The following table shows the values recorded for the current and the potential difference during the experiment.

[image: image2.emf]
Using the data in the table, draw a graph on graph paper of the current against the potential difference. Put current on the horizontal axis. 
[image: image9.emf]
(v) [image: image10.emf]Calculate the slope of your graph and hence determine the resistance of the copper sulphate solution.
Take any two points and use the formula 

Slope = resistance = 1.67 Ω.
5.

a) [image: image11.emf]A student holds a metal ball 2 m above the ground. The mass of the ball is 5 kg.

Calculate the potential energy of the ball. 

Ep = mgh = 5 × 9.8 × 2 = 98 J.
b) Explain the term thermometric property. 

The Temperature of an object is a measure of the hotness or coldness of that object.

c) Give one application of the Doppler effect.

Speed gun, measuring red shift, ultrasonic scanners, used to study blood flow, used to study heart beat, etc.
d) Name two primary colours of light.

Red, blue, green
e) Which one of the following is not part of the electromagnetic spectrum?

sound waves microwaves ultraviolet radiation 

[image: image12.emf]Answer: sound
f) Name the electrical component represented in the diagram. 

A capacitor
g) Name two safety devices that are used in domestic electric circuits.

Fuse, miniature circuit breaker, residual current device / RCD, earthing, etc.
h) A conductor of length 50 cm is carrying a current of 5 A. It is placed at right angles to  a magnetic field of flux density 3 T. Calculate the force on the conductor.
F = B I l  ( F = 3 × 5 × 0.5 = 7.5 N
i) Which one of the following is emitted from a metal surface when suitable light shines on the metal?

protons 
neutrons 
electrons 
atoms

Electrons
j) 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).

6.

(i) Define velocity.

Velocity is the rate of change of displacement with respect to time.
(ii) Define acceleration. 
(iii) Acceleration is the rate of change of velocity with respect to time.
(iv) [image: image13.png]Boyle's Law apparatus

Pressure guage

Graduated scale to
read volume of gas.




Describe an experiment to measure the velocity of a moving object. 
By taking a section of the tape and using the formula 

velocity = distance/time. 

We measured the distance between 11 dots and the time was the time for 10 intervals, where each interval was 1 50th of a second.
(v) The cheetah is one of the fastest land animals.

[image: image14.emf]A cheetah can go from rest up to a velocity of 28 m s−1 in just 4 seconds and stay running at this velocity for a further 10 seconds.

Sketch a velocity−time graph to show the variation of velocity with time for the cheetah during these 14 seconds. 
(vi) Calculate the acceleration of the cheetah during the first 4 seconds. 

v = u + at 
(
28 = 0 + a (4) 
( a = a = 7 m s-2
(vii) Calculate the resultant force acting on the cheetah while it is accelerating. The mass of the cheetah is 150 kg.
F = ma 
(
F = 150 × 7 = 1050 N
(viii) Name two forces acting on the cheetah while it is running. 
Gravity (or weight), friction, air resistance.
7.

(i) Heat can be transferred by conduction. What is meant by conduction?

Conduction is the movement of heat energy through a substance by the passing on of molecular vibration from molecule to molecule, without any overall movement of the substance.
(ii) Name two other ways of transferring heat.

[image: image15.emf]Convection and radiation.

(iii) Describe an experiment to show how different solids conduct heat at different rates. 
Apparatus: See diagram. 4 different metals arranged as shown. Stick an upright match into the pool of wax which is at the other end.
Procedure: Light a candle underneath the middle.
Observation: e.g. wax melts and the matches fall on different rods at different times.
(iv) The U-value of a house is a measure of the rate of heat loss to the surroundings.

Give two ways in which the U-value of a house can be reduced. 
Fibreglass in attic, insulation in cavity wall, double glazing, carpets
(v) The diagram shows a solar panel (solar heater) which can be used in the heating of a house.

What energy conversion takes place in a solar panel?
Light to electricity, light to heat.
(vi) Why are the pipes in the solar panel usually made from copper? 
It is a good conductor.
(vii) Why are the pipes in the solar panel usually painted black?
Black is a good absorber of radiation.
(viii) Why does warm water rise to the top of the solar panel?
It expands and therefore has a lower density and gets replaced by water which has a higher density (cold water). This is convection.
8.

(i) Sound from a vibrating object can cause diffraction and interference. Explain the underlined terms.
Diffraction is the spreading of waves around a slit or an obstacle.

Interference occurs when waves from two sources meet to produce a wave of different amplitude.
(ii) [image: image16.emf]Describe an experiment to demonstrate the interference of sound.
1. Walking slowly from X to Y, you will notice the loudness of the sound increasing and decreasing at regular intervals. 

2. This is because sound waves from the two speakers will interfere both constructively and destructively, along the path XY.
(iii) [image: image17.emf]The diagram shows a stationary wave (standing wave) on a vibrating stretched string.

What is the name given to the points on the string marked (i) X, (ii) Y?
(i) X = node, (ii) Y = antinode
(iv) How many wavelengths are contained in the distance marked L? 
Answer: 2
(v) State two factors on which the natural frequency of a stretched string depends. 
Length, tension, mass per unit length
(vi) A note of wavelength 1.4 m is produced from a stretched string. If the speed of sound in air is 340 m s−1, calculate the frequency of the note.
c = fλ 
( 340 = f × 1.4 
( f = 242.9 Hz
9.

(i) What is an electric current?

An electric current is a flow of charge.
(ii) An electric current can cause a heating effect. Name two other effects of an electric current.

Magnetic effect and chemical effect.
(iii) Describe an experiment to show the heating effect of an electric current.

Apparatus: power supply connected to a calorimeter containing water. Thermometer.
Procedure: allow current to flow.

Observation: temperature of water increases.
(iv) State two factors on which the heating effect of an electric current depends. 
Size of current, length of coil.
(v) An electric heater has a power rating of 2 kW when connected to the ESB mains supply of 230 V. 
Calculate the current that flows through the heater.

P = VI 
( I = P/V 
( I = 2,000/230 = 8.7 A.
(vi) What is the kilowatt-hour?
The kilo-watt hour is the amount of energy used by a 1000 Watt appliance in one hour.
(vii) Calculate the cost of using a 2 kW electric heater for 3 hours at 10 cent per kilowatt-hour. 
Number of kiloWatt hours = Number of kilowatts x Number of Hours = 2 × 3 =  6 kW hrs.

6 × 10 =  60 cent
10.

(i) What is radioactivity?

[image: image18.emf]Radioactivity is the breakup of unstable nuclei with the emission of one or more types of radiation.
(ii) Name the French physicist who discovered radioactivity in 1896.

Becquerel (you shouldn’t have been asked this).
(iii) The diagram illustrates that three types of radiation are emitted from a radioactive source. Name the radiations labelled (i) X, (ii) Y, (iii) Z, in the diagram.

X = alpha, Y = gamma, (iii) Z = beta.
(iv) Which one is the most ionising?

Alpha.

(v) Name a detector of ionising radiation.

GM tube, cloud chamber,  ionisation tube
(vi) Outline the principle on which the detector works. 

Incoming radiation causes ionisation.

(vii) Great care has to be taken when dealing with radioactive sources.

Give two precautions that should be taken when dealing with radioactive sources.

Use thick shielding, use protective clothing, use a tongs.
(viii) Give one use of a radioactive source.
Carbon dating, radiotherapy, sterilising medical equipment, killing bacteria in food, smoke alarm
(ix) Give one harmful effect of radiation.
Cancer, skin burns, sickness, cataracts, cause sterility, damage to crops, genetic, etc.
11.

Read the following passage and answer the accompanying questions.

Optical fibres are made of very transparent glass or plastic. The fibres contain at least two layers. Guiding light in an optical fibre depends on how light travels through different media. Light waves are bent, or refracted, as they pass between materials of different refractive index. The amount of bending depends on the refractive index and the angle at which light strikes the surface.

Sometimes light cannot leave the material of higher refractive index. If it strikes the surface at a large enough angle, it is reflected back into the material. The critical angle, for what is called total internal reflection, depends on the difference in refractive indexes. An optical fibre guides light by using total internal reflection.

(Adapted from New Scientist, 13 October 1990)

(a) Draw a diagram to show how a ray of light is transmitted through an optical fibre.
[image: image19.png][ el




(b) How is the escape of light from the sides of an optical fibre prevented? 

No light escapes because total internal reflection occurs at the sides due to a cladding of lower refractive index.
(c) Name a material that is used in the manufacture of optical fibres. 

Glass / plastic / sand / silicon
(d) What is the bending of light as it moves from one medium to another called? 

Refraction
(e) What is meant by the refractive index of a material?

n = sin 1/ sin r,  where is the angle of incidence and r is the angle of refraction.
(f) Define the critical angle.

The critical angle corresponds to the angle of incidence in the denser of two media which causes the angle of refraction to be 900.
(g) When will total internal reflection occur?
When the angle of incidence is greater than the critical angle.
(h) Give one use for optical fibres.

Endoscope, telecommunications, binoculars.
[image: image20.emf]12.

(a) 

(i) Define momentum. Give the unit of momentum. 

Momentum = mass × velocity.

The unit of momentum is the kg m s-1
(ii) 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.
(iii) The diagram shows a child stepping out of a boat onto a pier. The child has a mass of 40 kg and steps out with an initial velocity of 2 m s−1 towards the pier. The boat, which was initially at rest, has a mass of 50 kg. 
Calculate the initial velocity of the boat immediately after the child steps out.
m1u1 + m2u2 = m1v1 + m2v2 
( 0 = (40)(2) + (50)x
( x = - 1.6 m s-1
(b) 
(i) A concave mirror can produce a real or a virtual image, depending on the position of the object.
Give one difference between a real image and a virtual image.
A real image can be obtained on a screen; a virtual image cannot, 

In a real image the light rays meet; in a virtual image they do not, 

A real image is always inverted/ a virtual is erect, a real image is in front / a virtual image is behind.
(ii) Use a ray diagram to show the formation of a real image by a concave mirror.

[image: image21.png]



(iii) A concave mirror has a focal length of 20 cm. An object is placed 30 cm in front of the mirror. How far from the mirror will the image be formed? 
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( 1/20 = 1/30 + 1/v 
( v = 60 cm
(iv) Give two uses for a concave mirror.

Torch, headlights, searchlight, dentist mirror, cosmetic mirror, solar furnace.
(c) 

(i) A transformer is a device based on the principle of electromagnetic induction.

What is electromagnetic induction?
Electromagnetic Induction occurs when an emf is induced in a coil due to a changing magnetic flux.
(ii) [image: image22.emf]Name another device that is based on electromagnetic induction. 

Dynamo, generator, induction motor.
(iii) Name the parts of the transformer labelled A, B and C in the diagram. 

A = primary / input coil

B = secondary / output coil

C = iron core
(iv) Part A has 400 turns of wire and part B has 1200 turns. Part A is connected to a 230 V a.c. supply. What is the voltage across part B?
Vin/Vout = Ninput/Noutput
230/Vout = 400/1200

Vout = 230 × (400/1200) = 690 Volts

(d) 

(i) [image: image23.png]T
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The diagram shows an X-ray tube. What are X-rays?

High frequency electromagnetic radiation

(ii) How are electrons emitted from the cathode C? 

Thermionic emission
(iii) What is the function of the high voltage across the X-ray tube?

To accelerate the electrons.
(iv) Name a suitable material for the target T in the X-ray tube.

Tungsten
(v) Give one use of X-rays.

To photograph bones/ internal organs, to treat cancer, to detect flaws in materials.
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