1.
One of the transformers in a components catalogue is described with this technical specification:

Maximum power

100 VA

Input voltage


220/240 V

Output voltage 

110/120 V

What is the SI name for the unit given as "VA"?

(1 mark)

Calculate the ratio: number of turns on secondary/number of turns on primary for this transformer.

Ratio = ............................

(1 mark)

Calculate the maximum output current from the secondary if the transformer is operated within the voltage ranges specified.

Maximum output current =  ……………………………………..

(2 marks)

A designer thinks about using this transformer to power a 12 V 36 W lamp from a 24 V a.c. supply. Explain why this could be unsafe.

(3 marks)

(Total 7 marks)

2.
Some types of hadron can be produced by high energy interactions between particles in accelerators such as the Large Hadron Collider which is currently under construction at CERN.

Hadrons are composed of particles called quarks which cannot exist independently. Hadrons are divided into two groups called mesons and baryons. What is the quark structure of these two groups?

Mesons

Baryons

(2 marks)

When high energy protons collide with nuclei, particles from the kaon family can be produced. A kaon (K) is a meson with a very short lifetime. Neutral kaons can decay to give a pi‑plus, a pi-minus and an electron neutrino.

Write down the equation which describes this decay.

(1 mark)

Write down two quantities which are conserved in this decay.

(2 marks)

A stationary kaon decays in this way in a magnetic field. Describe, with the help of a diagram, the motion of the two pions produced.

(3 marks)

(Total 8 marks)

3.
All vehicles need brakes to slow them down. Some electric vehicles have two systems of braking: conventional friction brakes and regenerative braking. In the regenerative system, braking occurs when the electric motor is made to act as a generator. The coils of the motor are. linked directly to the wheels; when the regenerative braking is activated, current generated in these coils flows through the battery and recharges it.

Use Faraday's law to explain why an e.m.f. is generated in the motor coils when the car is moving.

(2 marks)

Use Faraday's law to explain why the e.m.f. is proportional to the speed of the car.

(1 mark)

When the battery is being charged the generator drives current through it. Explain why this causes the car to decelerate.

(3 marks)

Explain why conventional friction brakes are still necessary on this vehicle as well as the regenerative system.

(2 marks)

Regenerative braking increases the overall efficiency of the vehicle. Discuss the energy changes when a vehicle is slowed by regenerative braking, compared with conventional braking, and explain why this makes the vehicle more efficient.

(3 marks)

Suggest another possible mechanism for storing and re‑using some of the energy while slowing down a vehicle.

(1 mark)

(Total 12 marks)

4.
The Large Electron Positron collider or LEP which is at CERN in Switzerland is the largest machine of its type in the world. It is circular, with a circumference of 27 km, and is used to accelerate electrons and positrons to very high energies. These high energy particles are then made to collide with each other to produce rare particles for the scientists to observe.

Calculate the radius of the LEP.

Radius= ........………..................

(1 mark)

The electrons entering the LEP ring already have kinetic energy of about 20 GeV. Explain what this means.

(1 mark)

At this energy the speed of the electrons is very close to the speed of light in a vacuum and their mass is about 3.6 x 10‑26 kg. Comment briefly on this mass.

(1 mark)

Calculate the centripetal acceleration of one of these electrons travelling round the LEP. Assume that the speed of the electron is 3.0 x 108 m s‑1 to two significant figures.

Centripetal acceleration =  …………………………………….

(2 marks)

Show that the centripetal force needed to keep an electron in this orbit is about 8 x 10‑13 N.

(1 mark)

Calculate the magnetic flux density needed to keep an electron in this orbit.

Magnetic flux density =  ……………………………………

(2 marks)

Whilst the electrons are in the LEP, their energy is increased to 600 GeV. The magnetic flux density required to keep them in a constant orbit has to be increased. Explain why this is necessary.

(2 marks)

(Total 10 marks)

5.
This question is about modelling a collision interaction between two objects.
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The diagram is a computer‑generated model of a two‑dimensional collision and is drawn to scale. It shows the positions of two objects at successive equal time intervals. The large object A has mass 10 kg, and initially moves at 5.0 m s‑1. Object B has mass 5.0 kg, and is initially stationary.

Take measurements of the motion of A before the collision and use them to calculate the scale of the diagram.

Hence show that after the collision the speed of object A is about 2.3 m s‑1.

(2 marks)

Make a reasoned estimate of the percentage uncertainty in the value of this speed, as measured from the diagram.

Percentage uncertainty =  …………………………………..

(2 marks)

The speed of object B after the collision, as measured from the diagram, is 6.0 m s‑1. Make calculations to decide whether the collision is elastic or inelastic. Show your reasoning and conclusion clearly. Consider how the uncertainties in the measurements may affect your conclusion.

(4 marks)

After the collision, object A has a component of momentum in the +y (up the page) direction, and object B has a component of momentum in the ‑y direction. Explain why you would expect the values of these two components to be equal.

(1 mark)

Calculate these two components of momentum and comment on your answers.

Object A ...........................................................

Object B ...........................................................

Comment...........................................................

(3 marks)

(Total 12 marks)
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It has been said that using high speed digital signal transmission, the complete texts of all of Shakespeare's plays can be transmitted in about one quarter of a second.

A typical "Complete Plays of Shakespeare" in book form has about 1100 pages.

Make an order‑of‑magnitude estimate of the bit rate of the signal that would be needed. State any quantities that you are estimating and show clearly your reasoning.

(Total 5 marks)

7.
A small low voltage battery powers the unit in a camera which produces the flash. The unit contains a capacitor which stores energy; this energy is released very rapidly through the flash bulb when the button is pressed. The unit takes a few seconds to recharge before it will produce a second flash.

· Describe briefly how a capacitor stores energy.

· Compare the charging and discharging processes.

(Total 6 marks)

