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1. The table shows some data about the planets of the Sun.

Planet Distance

from Sun

(millions

of km)

Average

surface

temperature

(°°°°C)

Density

(kg/m3)

Surface

gravity

(N/kg)

Time of

orbit

(years)

Venus 108 470 5200 9 0.6

Earth 150 15 5500 10 1.0

Mars 228 -30 4000 5 1.9

Jupiter 778 -150 1300 26 12

Saturn 1427 -180 700 11 30

Pluto 5900 -230 500 4 248

Use information from the table to answer the following questions.

(a) Which planet takes the longest time to go round the Sun?

.............................................................................................................................................

(1)

(b) Use words from the box to complete the paragraph.

  decreases    Earth  heat   increases  light  Pluto

The planet …………………………….. has the lowest surface temperature.  This is

because less ……………………………..energy arrives at the surface of a planet as the

distance from the Sun ……………………………… (3)

(c) Pluto is mainly gas.

How can we tell this from the table?

.............................................................................................................................................

(1)

(d) (i) What information suggests that Jupiter has the largest mass?

......................................................................................................................................

(1)

(ii) On which planet would you have the least weight?

......................................................................................................................................

(1)

(Total 7 marks)
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2. (a) The table shows the power rating and operating current for a number of household

electrical appliances.

Appliance Power

(watt)

Current

(ampere)

cooker 6000 25.0

iron 960 4.0

food mixer 480 2.0

television 180 0.75

table lamp 60 0.25

(i) Which appliance costs most to run for an hour?

Give a reason for your answer.

Appliance......................................................................................................................

Reason ..........................................................................................................................

......................................................................................................................................

(2)

(ii) Each of the appliances listed uses 240 volts.

Explain why the cooker has the smallest resistance of these appliances.

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

(2)
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Leave

blank(iii) A cooker is always on a separate circuit with a thick cable.

Tick the two boxes to show the reasons for this.

Thick cables have a lower resistance.

Thick cables are easy to insulate.

Thick cables melt at a higher temperature.

Thick cables produce less heat.

(2)

(b) Electrical lighting in a house uses parallel circuits instead of series circuits.

State two reasons why parallel circuits are used for domestic lighting circuits.

1. ..........................................................................................................................................

.............................................................................................................................................

2. ..........................................................................................................................................

.............................................................................................................................................

(2)

(Total 8 marks)

TURN OVER FOR QUESTION 3
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3. (a) Complete the table below to describe how friction is used in the situation described.

As an example, the first line has been completed for you.

Situation Part played by friction

A person walking
along a footpath

The frictional force between the soles of the shoe and the
ground allows the foot to push back on the ground and the
person to move forward

A car travelling
along a road. …………………………………………………………………….

…………………………………………………………………….

…………………………………………………………………….

…………………………………………………………………….

Rubbing your
hands together on
a cold day

…………………………………………………………………….

…………………………………………………………………….

…………………………………………………………………….

…………………………………………………………………….

(5)

(b) The diagram shows a book resting on a table.

Add arrows to the diagram to show the forces that are acting on the book.

Label the arrows with the names of the forces.

(4)

(Total 9 marks)
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blank4. (a) Use words from the box to complete the passage below.

 attract electrons  electrostatic friction protons repel

When Jacquie takes off her woollen jumper she hears a crackling

sound and sees small flashes of light.  It is thought that the

.….….….….….….….….….…. between her jumper and blouse is

producing .….….….….….….….….….…. charges.  The jumper

becomes positively charged because .….….….….….….….….….….

are being removed from it.  Because the jumper and blouse have

opposite charges they .….….….….….….….….….…. each other and

this makes it difficult for the jumper to be removed.

(4)

QUESTION 4 CONTINUES ON NEXT PAGE
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blank

waste gases with fewer
dust particles

positively charged
fine wire grid

metal plates
connected to earth

to earth

waste gases with dust particles
from the furnace

chimney wall

positively charged
dust particle

(b) The diagram shows the inside of a simple electrostatic precipitator.  This is a device for

removing dust  from  the  waste  gases  in  chimneys  of  factories and power stations.

As the dust particles move up past the fine wire grid they gain a positive charge.

(i) Show, with an arrow, the direction of movement of the positively charged particles

between the grid and the earth plate.

(1)
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blank(ii) Explain why the positively charged particles move in the direction you have shown.

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

(2)

(iii) From time to time the earthed metal plates are hit with a hammer.

Suggest a reason for this.

......................................................................................................................................

......................................................................................................................................

(1)

(Total 8 marks)

TURN OVER FOR QUESTION 5
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Leave

blank5. The mattress of a bed contains springs. The diagrams show the change that takes place when

a person lies on the bed.

(a) (i) How do the springs change when a person lies on the bed?

......................................................................................................................................

(1)

(ii) Circle the spring that has the greatest force on it.

(1)

(iii) How can you tell that this spring has the greatest force acting on it?

......................................................................................................................................

(1)

(b) A manufacturer makes a mattress that sags less in the middle when a person lies on it.

Suggest two ways of doing this.

1 ...........................................................................................................................................

.............................................................................................................................................

2 ...........................................................................................................................................

.............................................................................................................................................

(2)
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Leave

blank(c) One force acting on the person is the upward push of the springs.

(i) Another force acts on the person.

Draw an arrow on the diagram to show the direction of this force.

(1)

(ii) Use words from the box to complete the sentence.

 downward            Earth           mattress          upward

The other force on the person is the .........................…………. pull of the

.........................…………. .

(2)

(Total 8 marks)

TURN OVER FOR QUESTION 6
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6. (a) A wind powered generator is used to produce electrical power when the wind is

blowing.  The table shows the electrical power generated by the wind for different wind

speeds.

Power generated

(watts)

0 0 140 900 1100 1160 1160

Wind speed

(km/h)

0 2 5 10 12 15 20

(i) On the axes below draw a graph to show how the power generated changes with

wind speed.

(3)
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blank(ii) What is the lowest wind speed needed to generate power?

......................................................................................................................................

(1)

(iii) What is the maximum power generated by the wind?

......................................................................................................................................

(1)

(iv) Explain one disadvantage of using only a wind generator as the source of electrical

power.

......................................................................................................................................

......................................................................................................................................

(1)

(b) Complete the sentence to show the energy transfer taking place in the wind powered

generator.

………………………… energy is transferred to ………………………… energy.

(2)

(Total 8 marks)

TURN OVER FOR QUESTION 7
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7. (a) The main heat energy losses from a house are shown in the diagram.

(i) Complete the diagram to show the percentage heat energy loss through the walls.

(1)

(ii) Complete the table below to show how the heat energy loss from each part of the

house can be reduced. The first one has been done for you.

Part of the house  Method used for reducing heat energy loss

roof glass-fibre insulation in the loft

walls ………………………………………………………………..

………………………………………………………………..

floor ………………………………………………………………..

………………………………………………………………..

(2)

walls

roof (5%)

(………… %)

window (10%)

doors (10%)

draughts (10%)
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blank (b) Double glazing is used to reduce the heat energy loss from houses through the windows.

The table compares the heat loss for ordinary windows and for double glazed windows.

Type of window Heat energy passing through

(joules per second)

ordinary window 224

double-glazed window 116

The size of the windows and the temperature inside and outside the house are the same

in each case.

(i) How many joules per second does using double glazing save?

......................................................................................................................................

(1)

(ii) How much energy would pass through an ordinary window in one hour?

......................................................................................................................................

......................................................................................................................................

...........................................................................................................................  joules

(3)

(c) A double glazing salesman claims that by replacing ordinary windows with double

glazed windows, the heating bills of a house will be halved.

Use the information given earlier to show whether this claim is true or not.

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

(3)

(Total 10 marks)

TURN OVER FOR QUESTION 8
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8. Radon is a radioactive gas.  It escapes from underground rocks and causes a large part of the

natural background radiation in the United Kingdom.

(a) Radon-220  ( Rn
220

86
) is an isotope of radon.

(i) How many protons are there in a nucleus of radon-220?

......................................................................................................................................

(1)

(ii) How many neutrons are there in a nucleus of radon-220?

......................................................................................................................................

(1)

(iii) Explain what is meant by the statement: “This element has three isotopes”.

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

(2)
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blank(b) • Radon-220 has a short half-life and emits α-particles.

• Alpha particles are easily stopped by material and only travel a short distance in

              air.

• Radon gas is thought to produce harmful effects.

When home owners, in areas where radon gas is produced, were told of the risks, very

few took notice.

(i) Explain why the presence of radon gas in buildings is a health hazard.

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

(3)

(ii) Discuss why, you think, so few people took any action to reduce the risks due to

radon gas.

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

(4)

(Total 11 marks)

TURN OVER FOR QUESTION 9
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blank

ultrasound
pulse

reflection

receivertransmitter

9. Ultrasound can be used by fishing vessels to find the depth of the sea or to locate shoals of

fish. The diagram shows the transmission and reflection of ultra-sound from a fishing vessel.

(a) What is ultrasound?

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

(2)
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blank(b) The speed of ultrasound in water is 1500 m/s.

(i) The frequency of the ultrasound used for depth finding is 50 000 Hz.

Calculate the wavelength of the ultrasound.

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

(4)

(ii) On the diagram the depth of the sea is 1200 m.

Calculate the time it would take for the ultrasound wave to travel from the

transmitter to the sea-bed and back to the receiver.

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

(4)

 (c) Waves with small wavelengths spread out (diffract) less than those with long

wavelengths. Use this information to suggest why ultrasound is much better than

ordinary sound for finding the depth of the sea.

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

(3)

(Total 13 marks)

TURN OVER FOR QUESTION 10
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A

B

10. (a) The diagram shows the passage of light beam A travelling down an optical fibre.

(i) State the name of the process that takes place as the light A beam travels down the

optical fibre.

......................................................................................................................................

(1)

(ii) Complete the diagram to show the passage of the light beam B down the same

optical fibre.

(1)

(iii) Suggest why beam B will take slightly longer to travel down the fibre than beam A.

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

(2)
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(b) Optical fibres are used to carry information.  The information is carried by the light

beam in the form of a digital signal.

(i) Draw a diagram to show what is meant by a digital signal.

(1)

(ii) The signal from a microphone is an analogue signal.  How does an analogue signal

differ from a digital signal?

......................................................................................................................................

......................................................................................................................................

(1)

(c) When signals are sent through optical fibres they lose energy.

(i) State what happens to the brightness of the light beam as it loses energy.

......................................................................................................................................

(1)

(ii) State one disadvantage of losing energy as the light beam travels through the

optical fibre.

......................................................................................................................................

......................................................................................................................................

(1)

(Total 8 marks)

TOTAL MARK 90
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FORMULAE

You may find the following formulae useful.

takentime

donework
power =

t

W
P =

periodtime

1
frequency =

T
f

1=

constant
etemperatur

pressure =
2

2

1

1

T

P

T

P
=

periodtime

radiusorbital2
speedorbital

×π=
T

r
v

×π×= 2

kinetic energy = electronic charge × accelerating voltage KE = e × V
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1. (a) Complete the diagram to link physical quantity with its unit.  One has been done for

you.

energy joule

temperature m/s

wavelength kelvin

current ampere

pressure pascal

wave speed m

(4)

(b) Communications systems can be broken down into a number of blocks. Each block has

a different function.

Use the blocks listed to complete the paragraph.

amplifier                decoder                encoder                receiver                storage

When light is used to carry information through optical fibres, it is converted

to a digital signal using the .….….….….….….….….….…....  Because of

energy losses along the optical fibre, the .….….….….….….….….….….. is

used   to  boost  the  signal.  The .….….….….….….….….….….... detects the

signal at the far end of the cable where it is sent through the

.….….….….….….….….….….... so that the information it carries can be

understood. Sometimes the information arriving will be recorded on a

.….….….….….….….….….….... system so that it can be played back at any

time.

(5)

(Total 9 marks)

TURN OVER FOR QUESTION 2
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Leave

blank
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2. The graph shows how the orbit time of an artificial satellite depends on its height above the

Earth's surface.

(a) How does the orbit time change with increasing height above the Earth's surface?

.............................................................................................................................................

(1)

(b) Some communications satellites are in geostationary orbit.  They remain above the same

point on the Earth's surface.

(i) Write down the orbit time of a geostationary satellite.

......................................................................................................................................

(1)

(ii) Use the graph to find the height above the Earth's surface of a geostationary

satellite.

......................................................................................................................................

(2)
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(iii) Describe two different uses of communications satellites that are in geostationary

orbit.

1 ....................................................................................................................................

......................................................................................................................................

2 ....................................................................................................................................

......................................................................................................................................

(2)

(c) Some weather satellites occupy very low orbits, close to the surface of the Earth.

Describe two advantages of a low orbit for a weather satellite.

1 ...........................................................................................................................................

.............................................................................................................................................

2 ...........................................................................................................................................

.............................................................................................................................................

(2)

(d) Over a period of time, a satellite in orbit around the Earth loses energy and slows down

because of frictional forces acting on it.

Describe what is likely to happen to the satellite over a period of time.

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

(4)

(Total 12 marks)

TURN OVER FOR QUESTION 3
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heater
voltage

filament anode

electron beam

anode 
voltage

+
-

- +

3. (a) The diagram shows the basic construction of an electron gun.

(i) What is boiled off the hot metal filament?

......................................................................................................................................

(1)

(ii) Use words from the box to complete the following sentences.

anode attracted cold filament hot negative positive repelled

When the heater votage is reversed, an electron beam is still produced.  This is

because the …………………………….. still becomes ……………………………..

when a current is passed in it.

When the anode voltage is reversed, no electron beam is produced.  This is because

electrons are …………………………….. and are …………………………….. by

the negative “anode”.

(4)
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electron

beam

+50 V

0 V

electron

beam

+100 V

0 V

electron

beam

0 V

+100 V

(b) The diagram shows the deflection of an electron beam as it passes between parallel

plates.  The plates have a voltage of 50 V placed across them.

(i) Show on the diagram below the path of the electron beam between the plates when

the voltage is increased to 100 V.

(1)

(ii) Show on the diagram the path of the electron beam between the plates when the

voltage is reversed.

(2)

QUESTION 3 CONTINUES ON NEXT PAGE
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electron beam

cathode

anode

deflecting plates

fluorescent
screen

A

A
B

B

(c) The diagram below shows a possible construction for a television tube and the path

followed by the electron beam as it moves across the screen.

(i) Which pair of plates is used to deflect the electron beam from left to right across the

screen?

......................................................................................................................................

(1)

(ii) What type of energy is produced when the electron beam lands on the fluorescent

screen?

......................................................................................................................................

(1)

(iii) Describe one effect on the image produced on the screen when the number of

electrons arriving is increased.

......................................................................................................................................

......................................................................................................................................

(1)

(Total 11 marks)
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4. (a) Most telephone signals are sent through cables in the form of electrical signals. One

disadvantage of this is that they can only travel a limited distance before they need to be

amplified.  A second disadvantage is that stray signals can affect the original signal.

(i) Explain why the electrical signals lose energy as they travel through the cable.

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

(2)

(ii) What is the function of the amplifier?

......................................................................................................................................

(1)

(iii) When the stray signals are amplified, a 'hissing' is heard.  What term is used to

describe this type of signal distortion?

......................................................................................................................................

(1)

(b) A signal can be sent through the cable in either digital or analogue form.

(i) Which method is used to avoid interference due to stray signals?

......................................................................................................................................

(1)

(ii) Digital signals have an advantage over analogue signals since more information can

be sent along the cable.

Explain this.

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

(2)

(c) Name the transducer used in the ear piece of the telephone used for converting the

electrical signals received to sound.

.............................................................................................................................................

(1)

(Total 8 marks)
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Leave

blank

5. (a) There are three main ways by which radio waves arrive at the receiver from the

transmitter.  One of these is by ground waves.  Name the other two.

1. ..........................................................................................................................................

2. ..........................................................................................................................................

(2)

(b) Ground waves do not travel in a straight line.  They follow the curvature of the Earth.

Name the effect that causes them to travel in this way.

.............................................................................................................................................

(1)

(c) A radio station in La Coruna, Spain broadcasts MW radio waves of wavelength 639 m.

These waves travel through the air at 300 x 10
6
 m/s.

Calculate the frequency of these waves.

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

(4)
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(d) The ionosphere is part of the Earth’s upper atmosphere.  It is affected by the Sun.  Radio

waves from La Coruna are absorbed by the ionosphere during the day and reflected by it

at night.  Scientists wanted to use this during an eclipse to help them to study the Sun.

Read this passage published by “The Radiocommunications Agency” at the time of the

total solar eclipse in the UK in 1999.

Scientists from Oxfordshire's Rutherford Appleton Laboratory are

asking the public to help with some unique experiments during the total

solar eclipse on August 11th this year. At this time, RAL, in partnership

with The Daily Telegraph and BBC Online are asking for your help in

answering the question "Is our Sun getting brighter?"

You can help us by simply listening to your radio.

One station, La Coruna in northern Spain, broadcasts on 639 MW. In

the UK, this station can only be heard at night. If we hear it on the

morning of August 11th, we will know the eclipse has had a dramatic

effect on the ionosphere.

(i) The last time a total solar eclipse was seen in the UK was in 1927. Why was this

experiment not done then?

......................................................................................................................................

......................................................................................................................................

(1)

(ii) Why do you think the Rutherford Appleton Laboratory asked the Daily Telegraph

and BBC Online to help?

......................................................................................................................................

......................................................................................................................................

(1)

(iii) The Daily Telegraph and BBC Online did not publish the full text  of the

Rutherford Appleton Laboratory’s research project. Suggest a reason why not.

......................................................................................................................................

......................................................................................................................................

(1)

(Total 10 marks)

TURN OVER FOR QUESTION 6
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Leave

blank6. (a) When air is pumped into a bicycle tyre the pressure inside the tyre increases.  As more

air is pumped in, it becomes increasingly difficult to push down the piston in the pump.

(i) Explain, in terms of air particles, how pressure is produced inside the tyre.

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

(4)

(ii) Explain why the pressure in the tyre increases as more air is put in it.

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

(2)

(b) Absolute zero of temperature is -273 °C.

(i) Explain why gases at this temperature would not produce a gas pressure.

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

(2)

(ii) What temperature scale uses the absolute zero of temperature as its zero?

......................................................................................................................................

(1)

(iii) What temperature would 100 °C be on this temperature scale?

......................................................................................................................................

(1)

(Total 10 marks)

TOTAL MARKS 60

END
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FORMULAE

You may find the following formulae useful.

energy transferred = current × voltage × time E = I × V × t

pressure × volume = constant P1 × V1 = P2 × V2

periodtime

1
frequency =

T
f

1=

takentime

donework
power =

t

W
P =
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Leave

blank

TURN OVER FOR QUESTION 1
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1. (a) The main heat energy losses from a house are shown in the diagram.

(i) Complete the diagram to show the percentage heat energy loss through the walls.

(1)

(ii) Complete the table below to show how the heat energy loss from each part of the

house can be reduced. The first one has been done for you.

Part of the house  Method used for reducing heat energy loss

roof glass-fibre insulation in the loft

walls ………………………………………………………………..

………………………………………………………………..

floor ………………………………………………………………..

………………………………………………………………..

(2)

walls

roof (5%)

(………… %)

window (10%)

doors (10%)

draughts (10%)
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Leave

blank (b) Double glazing is used to reduce the heat energy loss from houses through the windows.

The table compares the heat loss for ordinary windows and for double glazed windows.

Type of window Heat energy passing through

(joules per second)

ordinary window 224

double-glazed window 116

The size of the windows and the temperature inside and outside the house are the same

in each case.

(i) How many joules per second does using double glazing save?

......................................................................................................................................

(1)

(ii) How much energy would pass through an ordinary window in one hour?

......................................................................................................................................

......................................................................................................................................

............................................................................................................................ joules

(3)

(c) A double glazing salesman claims that by replacing ordinary windows with double

glazed windows, the heating bills of a house will be halved.

Use the information given earlier to show whether this claim is true or not.

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

(3)

(Total 10 marks)

TURN OVER FOR QUESTION 2
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Leave

blank
2. Radon is a radioactive gas.  It escapes from underground rocks and causes a large part of the

natural background radiation in the United Kingdom.

(a) Radon-220  ( Rn
220

86
) is an isotope of radon.

(i) How many protons are there in a nucleus of radon-220?

......................................................................................................................................

(1)

(ii) How many neutrons are there in a nucleus of radon-220?

......................................................................................................................................

(1)

(iii) Explain what is meant by the statement: “This element has three isotopes”.

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

(2)
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Leave

blank(b) • Radon-220 has a short half-life and emits α-particles.

• Alpha particles are easily stopped by material and only travel a short distance in

              air.

• Radon gas is thought to produce harmful effects.

When home owners, in areas where radon gas is produced, were told of the risks, very

few took notice.

(i) Explain why the presence of radon gas in buildings is a health hazard.

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

(3)

(ii) Discuss why, you think, so few people took any action to reduce the risks due to

radon gas.

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

(4)

(Total 11 marks)

TURN OVER FOR QUESTION 3
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Leave

blank

ultrasound
pulse

reflection

receivertransmitter

3. Ultrasound can be used by fishing vessels to find the depth of the sea or to locate shoals of

fish. The diagram shows the transmission and reflection of ultra-sound from a fishing vessel.

(a) What is ultrasound?

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

(2)
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Leave

blank(b) The speed of ultrasound in water is 1500 m/s.

(i) The frequency of the ultrasound used for depth finding is 50 000 Hz.

Calculate the wavelength of the ultrasound.

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

(4)

(ii) On the diagram the depth of the sea is 1200 m.

Calculate the time it would take for the ultrasound wave to travel from the

transmitter to the sea-bed and back to the receiver.

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

(4)

 (c) Waves with small wavelengths spread out (diffract) less than those with long

wavelengths. Use this information to suggest why ultrasound is much better than

ordinary sound for finding the depth of the sea.

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

(3)

(Total 13 marks)

TURN OVER FOR QUESTION 4
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Leave

blank

A

B

4. (a) The diagram shows the passage of light beam A travelling down an optical fibre.

(i) State the name of the process that takes place as the light A beam travels down the

optical fibre.

......................................................................................................................................

(1)

(ii) Complete the diagram to show the passage of the light beam B down the same

optical fibre.

(1)

(iii) Suggest why beam B will take slightly longer to travel down the fibre than beam A.

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

(2)
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Leave

blank(b) Optical fibres are used to carry information.  The information is carried by the light

beam in the form of a digital signal.

(i) Draw a diagram to show what is meant by a digital signal.

(1)

(ii) The signal from a microphone is an analogue signal.  How does an analogue signal

differ from a digital signal?

......................................................................................................................................

......................................................................................................................................

(1)

(c) When signals are sent through optical fibres they lose energy.

(i) State what happens to the brightness of the light beam as it loses energy.

......................................................................................................................................

(1)

(ii) State one disadvantage of losing energy as the light beam travels through the

optical fibre.

......................................................................................................................................

......................................................................................................................................

(1)

(Total 8 marks)

TURN OVER FOR QUESTION 5
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Leave

blank

output

5. (a) The diagram shows the construction of a simple electrical generator. When the coil is

rotated, an alternating voltage is produced at the output.

(i) Explain what is meant by an alternating voltage.

......................................................................................................................................

......................................................................................................................................

(1)

(ii) State two ways in which the voltage output could be increased.

1 ....................................................................................................................................

2 ....................................................................................................................................

(2)
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Leave

blank(b) The generators at a power plant produce a voltage of 25 000 V. For long distance

transmission, on overhead power lines, this is stepped up to 400 000 V.  It is later

stepped down to 240 V for domestic use.

(i) Explain why the voltage is stepped up to 400 000 V.

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

(2)

(ii) A transformer is used to step up the voltage.  Calculate the ratio of primary turns to

secondary turns needed for this transformer.

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

(3)

(c) Give one advantage and one disadvantage of increasing the thickness of overhead

power lines.

Advantage............................................................................................................................

.............................................................................................................................................

Disadvantage .......................................................................................................................

.............................................................................................................................................

(2)

(Total 10 marks)

TURN OVER FOR QUESTION 6
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Leave

blank

M
2

M
1

copper ion

sulfate ion

6. The diagram shows the arrangement used for copper-plating an object. The electrolyte used

is copper sulfate which when dissolved in water produces positive copper (Cu
2+

) ions and

negative sulfate (SO4 
2−

) ions.

(a) (i) On the diagram, add arrows to show which way the ions move.

(1)

(ii) Which meter reading shows that the ions are moving through the electrolyte?

Explain your answer.

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

(2)
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Leave

blank(b) In an electrolysis experiment, a voltage of 6 V produced a current of 0.5 A.  The current

passed for 5 minutes.

(i) Calculate the charge passing through the electrolyte during this time.

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

(4)

(ii) The charge on a copper ion (Cu
2+

) is 3.2 × 10
−19

 coulombs.  Calculate the total

number of copper ions moving through the electrolyte in 5 minutes.

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

(2)

(iii) How much energy is used in moving each copper ion through the electrolyte?

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

(3)

(Total 12 marks)

TURN OVER FOR QUESTION 7
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Leave

blank

0

10

20

30

40

50

0 5 10 15 20 25 30 35 40 45 50
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Vertical velocity
in m/s

A

B C

D

E

7. A sky-diver of mass 70 kg jumps from a plane.  The graph shows how the vertical velocity

of the sky-diver varies with time.  Parts of the graph have been labelled A, B, C, D and E.

(a) At A,  the  sky-diver  has  an  acceleration  equal  to  the acceleration due to gravity of

l0 m/s
2
.  Calculate the resultant force acting on the sky-diver at this instant.

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

(3)

(b) How can you tell from the graph that in the time period from B to C the resultant force

acting on the sky-diver is zero?

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

(2)
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Leave

blank(c) Describe and explain the motion of the sky-diver from C until he lands at E.

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

(4)

(d) A sky-diver, of the same mass, falls from the same height but uses a parachute with a

larger surface area.  On the grid, sketch a graph to show his motion.

(2)

(Total 11 marks)

TURN OVER FOR QUESTION 8
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blank
8. (a) The nearest star to the Earth is the Sun. Heat and light from the Sun arrive at the Earth's

surface after travelling many millions of kilometres through space.

(i) How does this confirm that heat and light are electromagnetic radiation?

......................................................................................................................................

......................................................................................................................................

(1)

(ii) Which part of the electromagnetic spectrum is associated with heat radiation?

......................................................................................................................................

(1)

(iii) The Sun also emits ultraviolet radiation.

What are the health hazards of this type of radiation?

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

(2)

(b) Stars are formed from very large clouds of gases, mainly hydrogen and helium, and

some dust.  These clouds collapse under the action of gravity.

(i) Describe the energy changes taking place as clouds of gas and dust particles

collapse under the action of gravity.

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

(2)

(ii) Explain why nuclear reactions take place if a sufficiently large cloud of material

collapses under the action of gravity.

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

(2)
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Leave

blank

(c) The fusion of hydrogen takes place in the core of the Sun to produce helium.  This

process releases considerable amounts of energy.

Describe the sequence of events which may occur as a star uses up its supply of

hydrogen.

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

(4)

(d) One of the theories concerned with the origin of the universe is the ‘Big Bang’ theory.

Describe this theory and state what evidence there is to support it.

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

(3)

(Total 15 marks)

TOTAL MARK 90

END
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FORMULAE

You may find the following formulae useful.

energy transferred = current × voltage × time E = I × V × t

pressure × volume = constant P1 × V1 = P2 × V2

constant
etemperatur

pressure =
2

2

1

1

T

P

T

P
=

periodtime

1
frequency =

T
f

1=

takentime

donework
power =

t

W
P =

periodtime

radiusorbital2
speedorbital

×π=
T

r
v

×π×= 2

( )
radius

speedorbitalmass
force

2×=
r

vm
F

O×=

energy released = mass change × (speed of light)
2

E = m × c
2

kinetic energy = electronic charge × accelerating voltage KE = e × V
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1. (a) Most telephone signals are sent through cables in the form of electrical signals. One

disadvantage of this is that they can only travel a limited distance before they need to be

amplified.  A second disadvantage is that stray signals can affect the original signal.

(i) Explain why the electrical signals lose energy as they travel through the cable.

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

(2)

(ii) What is the function of the amplifier?

......................................................................................................................................

(1)

(iii) When the stray signals are amplified, a 'hissing' is heard.  What term is used to

describe this type of signal distortion?

......................................................................................................................................

(1)

(b) A signal can be sent through the cable in either digital or analogue form.

(i) Which method is used to avoid interference due to stray signals?

......................................................................................................................................

(1)

(ii) Digital signals have an advantage over analogue signals since more information can

be sent along the cable.

Explain this.

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

(2)

(c) Name the transducer used in the ear piece of the telephone used for converting the

electrical signals received to sound.

.............................................................................................................................................

(1)

(Total 8 marks)
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Leave

blank

2. (a) There are three main ways by which radio waves arrive at the receiver from the

transmitter.  One of these is by ground waves.  Name the other two.

1. ..........................................................................................................................................

2. ..........................................................................................................................................

(2)

(b) Ground waves do not travel in a straight line.  They follow the curvature of the Earth.

Name the effect that causes them to travel in this way.

.............................................................................................................................................

(1)

(c) A radio station in La Coruna, Spain broadcasts MW radio waves of wavelength 639 m.

These waves travel through the air at 300 x 10
6
 m/s.

Calculate the frequency of these waves.

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

(4)
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(d) The ionosphere is part of the Earth’s upper atmosphere.  It is affected by the Sun.  Radio

waves from La Coruna are absorbed by the ionosphere during the day and reflected by it

at night.  Scientists wanted to use this during an eclipse to help them to study the Sun.

Read this passage published by “The Radiocommunications Agency” at the time of the

total solar eclipse in the UK in 1999.

Scientists from Oxfordshire's Rutherford Appleton Laboratory are

asking the public to help with some unique experiments during the total

solar eclipse on August 11th this year. At this time, RAL, in partnership

with The Daily Telegraph and BBC Online are asking for your help in

answering the question "Is our Sun getting brighter?"

You can help us by simply listening to your radio.

One station, La Coruna in northern Spain, broadcasts on 639 MW. In

the UK, this station can only be heard at night. If we hear it on the

morning of August 11th, we will know the eclipse has had a dramatic

effect on the ionosphere.

(i) The last time a total solar eclipse was seen in the UK was in 1927. Why was this

experiment not done then?

......................................................................................................................................

......................................................................................................................................

(1)

(ii) Why do you think the Rutherford Appleton Laboratory asked the Daily Telegraph

and BBC Online to help?

......................................................................................................................................

......................................................................................................................................

(1)

(iii) The Daily Telegraph and BBC Online did not publish the full text  of the

Rutherford Appleton Laboratory’s research project. Suggest a reason why not.

......................................................................................................................................

......................................................................................................................................

(1)

(Total 10 marks)

TURN OVER FOR QUESTION 3
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3. (a) When air is pumped into a bicycle tyre the pressure inside the tyre increases.  As more

air is pumped in, it becomes increasingly difficult to push down the piston in the pump.

(i) Explain, in terms of air particles, how pressure is produced inside the tyre.

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

(4)

(ii) Explain why the pressure in the tyre increases as more air is put in it.

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

(2)

(b) Absolute zero of temperature is -273 °C.

(i) Explain why gases at this temperature would not produce a gas pressure.

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

(2)

(ii) What temperature scale uses the absolute zero of temperature as its zero?

......................................................................................................................................

(1)

(iii) What temperature would 100 °C be on this temperature scale?

......................................................................................................................................

(1)

(Total 10 marks)

TURN OVER FOR QUESTION 4
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4. (a) A geostationary satellite is at a height of 36 000 km above the Earth's surface and is

used to receive and transmit television signals from the Earth.

(i) The satellite is described as being an active satellite rather than a passive satellite.

Explain the difference between these two types of satellite.

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

(2)

(ii) The television signals from the Earth travel through the ionosphere to reach the

satellite. What type of transmission wave is able to do this?

......................................................................................................................................

(1)

(iii) Explain how the satellite is able to keep in orbit around the Earth without having its

motors running or using energy.

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

(2)

(iv) Over a period of time, a satellite in orbit around the Earth loses energy because of

frictional forces acting on it.

Explain what is likely to happen to the satellite over a period of time.

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

(3)
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 (b) The transmitter on the satellite beams 100 W of radiation to the Earth.

(i) Explain how the size of the transmitting dish affects the power per square metre

that arrives at the Earth's surface from the satellite.

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

(3)

(ii) Some energy is lost from the transmitting wave as it travels from space through the

Earth's atmosphere. What name is given to this reduction in the energy of the wave?

......................................................................................................................................

(1)

(Total 12 marks)

TURN OVER FOR QUESTION 5
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Leave

blank

5. (a) At the end of the nineteenth century, physicists considered that the atom consisted of

evenly distributed electrons and protons.

(i) Which famous experiment, at the start of the twentieth century, suggested the

existence of the nucleus?

......................................................................................................................................

......................................................................................................................................

(1)

(ii) Give an outline of what the experiment involved and how the results led to this the

nuclear model of the atom.

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

(4)

(iii) Protons and electrons were initially considered to be fundamental particles.

Explain what this term means and state which of the two particles named is still

considered to be a fundamental particle.

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

(2)



N0000 65 Turn over

Leave

blank

(b) The neutron was detected much later than either the electron or the proton although it

was known to exist.

(i) Suggest why neutrons were much more difficult to detect than protons or electrons.

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

(2)

(ii) Quarks are fundamental particles. What is the connection between quarks, protons

and neutrons?

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

(2)

(Total 11 marks)

TURN OVER FOR QUESTION 6
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Leave

blank

mA

anode

positive grid

gas atoms

heater
filament

cathode

6. (a) The following arrangement was used to investigate the effect of firing electrons into gas

atoms.

The experiment involves attracting the electrons from the filament towards and through

the positive grid. The electrons hit gas atoms, as they move between the heater filament,

through the grid and on to the anode.

The current in the tube is measured as the anode voltage is gradually increased.

(i) What name is given to the process where electrons are produced from a hot

filament?

......................................................................................................................................

(1)

(ii) How would you know that electrons from the filament are reaching the anode

plate?

......................................................................................................................................

......................................................................................................................................

(1)

(iii) The charge on one electron is –1.6 × 10
-19

 C and the voltage between the grid and

the filament is 6.0 V.

How much energy will an electron gain in moving between the heater filament and

the grid?

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

(2)
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Leave

blank

4 12

Voltage in V

Reading 
on the

milliammeter

0

2

6

8

4

8 16

(b) The graph shows how the reading on the milliammeter changes as the voltage between

the filament and the grid is increased.

(i) What is the difference in the reading on the milliammeter when the voltage is

increased from 4 V to 12 V?

......................................................................................................................................

(1)

 (ii) The charge on one electron is –1.6 × 10
-19

 C.

Calculate the number of electrons per second arriving at the anode when the voltage

is 12 V.

......................................................................................................................................

......................................................................................................................................

......................................................................................................................................

(3)

(iii) Suggest why there is a sharp increase in the reading on the milliammeter at voltages

above 6V.

......................................................................................................................................

......................................................................................................................................

(1)

(Total 9 marks)

TOTAL MARKS 60

END
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«OMMM=babu`bi
qÜáë=éìÄäáÅ~íáçå=ã~ó=çåäó=ÄÉ=êÉéêçÇìÅÉÇ=áå=~ÅÅçêÇ~åÅÉ=ïáíÜ=babu`bi=éçäáÅóK

póää~Äìë=NRQM

mÜóëáÅë=^

péÉÅáãÉå=m~éÉê=Nc

j^oh=p`ebjb

cáêëí=bñ~ãáå~íáçå=pìããÉê=OMMP
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rpfkd=qeb=j^oh=p`ebjb

NK qÜáë=ã~êâ=ëÅÜÉãÉ=ÖáîÉë=óçìX G=~å=áÇÉ~=çÑ=íÜÉ=íóéÉ=çÑ=êÉëéçåëÉ=ÉñéÉÅíÉÇ
G=Üçï=áåÇáîáÇì~ä=ã~êâë=~êÉ=íç=ÄÉ=~ï~êÇÉÇ
G=íÜÉ=íçí~ä=ã~êâ=Ñçê=É~ÅÜ=èìÉëíáçå
G=Éñ~ãéäÉë=çÑ=êÉëéçåëÉë=íÜ~í=ëÜçìäÇ=åçí=êÉÅÉáîÉ=ÅêÉÇáíK

OK X=ëÉé~ê~íÉë=éçáåíë=Ñçê=íÜÉ=~ï~êÇ=çÑ=É~ÅÜ=ã~êâK

PK L=ãÉ~åë=íÜ~í=íÜÉ=êÉëéçåëÉë=~êÉ=~äíÉêå~íáîÉë=~åÇ=ÉáíÜÉê=~åëïÉê=ëÜçìäÇ=êÉÅÉáîÉ=Ñìää=ÅêÉÇáíK

QK E= F= ãÉ~åë= íÜ~í= ~= éÜê~ëÉLïçêÇ= áë= åçí= ÉëëÉåíá~ä= Ñçê= íÜÉ= ~ï~êÇ= çÑ= íÜÉ= ã~êâ= Äìí= ÜÉäéë= íÜÉ
Éñ~ãáåÉê=íç=ÖÉí=íÜÉ=ëÉåëÉ=çÑ=íÜÉ=ÉñéÉÅíÉÇ=~åëïÉêK

RK mÜê~ëÉëLïçêÇë= áå=ÄçäÇ= áåÇáÅ~íÉ= íÜ~í= íÜÉ=ãÉ~åáåÖ= çÑ= íÜÉ= éÜê~ëÉLïçêÇ= áë=ÉëëÉåíá~ä= íç= íÜÉ
~åëïÉêK

SK ltqqb=Eçê=ïçêÇë=íç=íÜ~í=ÉÑÑÉÅíF=~åÇ=Éè=EÉèìáî~äÉåíF=áåÇáÅ~íÉ=íÜ~í=î~äáÇ=~äíÉêå~íáîÉ=~åëïÉêë
EïÜáÅÜ=Ü~îÉ=åçí=ÄÉÉå=ëéÉÅáÑáÉÇF=~êÉ=~ÅÅÉéí~ÄäÉK

TK ‘fÖåçêÉ’=ãÉ~åë= íÜ~í= íÜáë= ~åëïÉê= áë= åçí=ïçêíÜ= ~=ã~êâ= Äìí= ÇçÉë= åçí= åÉÖ~íÉ= ~å= ~ÇÇáíáçå~ä
ÅçêêÉÅí=êÉëéçåëÉK

UK ‘oÉàÉÅí’=ãÉ~åë= íÜ~í= íÜÉ= ~åëïÉê= áë=ïêçåÖ= ~åÇ=åÉÖ~íÉë= ~åó= ~ÇÇáíáçå~ä= ÅçêêÉÅí= êÉëéçåëÉ= Ñçê
íÜ~í=ëéÉÅáÑáÅ=ã~êâK

VK lo^=Eçê=êÉîÉêëÉ=~êÖìãÉåíF=áåÇáÅ~íÉë=íÜ~í=íÜÉ=ÅçãéäÉíÉ=êÉîÉêëÉ=áë=~äëç=î~äáÇ=Ñçê=íÜÉ=~ï~êÇ=çÑ
ã~êâëK

NMK ÉÅÑ=EÉêêçê=Å~êêáÉÇ=Ñçêï~êÇF=ãÉ~åë=íÜ~í=~=ïêçåÖ=~åëïÉê=ÖáîÉå=áå=~å=É~êäáÉê=é~êí=çÑ=~=èìÉëíáçå
áë=ìëÉÇ=ÅçêêÉÅíäó=áå=~åëïÉê=íç=~=ä~íÉê=é~êí=çÑ=íÜÉ=ë~ãÉ=èìÉëíáçåK

j^ohfkd

NK vçì=ãìëí=ÖáîÉ=~=íáÅâ=Eáå=êÉÇF=Ñçê=ÉîÉêó=ã~êâ=~ï~êÇÉÇK==qÜÉ=íáÅâ=ãìëí=ÄÉ=éä~ÅÉÇ=çå=íÜÉ=ëÅêáéí
ÅäçëÉ= íç= íÜÉ= ~åëïÉêK= = qÜÉ=ã~êâ= ~ï~êÇÉÇ= Ñçê= é~êí= çÑ= ~= èìÉëíáçå= ëÜçìäÇ= ÄÉ= ïêáííÉå= áå= íÜÉ
ã~êÖáå=ÅäçëÉ=íç=íÜÉ=ëìÄJíçí~äK

OK qÜÉ=ëìÄJíçí~ä=ã~êâë=Ñçê=~=èìÉëíáçå=ëÜçìäÇ=ÄÉ=~ÇÇÉÇ=íçÖÉíÜÉê=~åÇ=íÜÉ=íçí~ä=ã~êâ=ïêáííÉå=~åÇ
êáåÖÉÇ=~í=íÜÉ=ÉåÇ=çÑ=íÜÉ=èìÉëíáçå=íÜÉå=íê~åëÑÉêêÉÇ=íç=íÜÉ=Ñêçåí=çÑ=íÜÉ=ëÅêáéíK

PK pìÖÖÉëíáçåLÉñéä~å~íáçå= èìÉëíáçåë= ëÜçìäÇ= ÄÉ=ã~êâÉÇ= ÅçêêÉÅí= ÉîÉå=ïÜÉå= íÜÉ= ëìÖÖÉëíáçå= áë
Åçåí~áåÉÇ=ïáíÜáå=íÜÉ=Éñéä~å~íáçåK

QK aç=åçí=~ï~êÇ=ã~êâë=Ñçê=êÉéÉíáíáçå=çÑ=íÜÉ=ëíÉã=çÑ=íÜÉ=èìÉëíáçåK

RK j~âÉ=ëìêÉ=íÜ~í=íÜÉ=~åëïÉê=ã~âÉë=ëÉåëÉK==aç=åçí=ÖáîÉ=ÅêÉÇáí=Ñçê=ÅçêêÉÅí=ïçêÇëLéÜê~ëÉë=ïÜáÅÜ
~êÉ=éìí=íçÖÉíÜÉê=áå=~=ãÉ~åáåÖäÉëë=ã~ååÉêK==^åëïÉêë=ãìëí=ÄÉ=áå=íÜÉ=ÅçêêÉÅí=ëÅáÉåíáÑáÅ=ÅçåíÉñíK

^jmifcf`^qflk

NK få=Å~äÅìä~íáçåëI=Ñìää=ÅêÉÇáí=ãìëí=ÄÉ=ÖáîÉå=Ñçê=~=Ä~äÇI=ÅçêêÉÅí=~åëïÉêK==fÑ=~=åìãÉêáÅ~ä=~åëïÉê=áë
áåÅçêêÉÅíI=äççâ=~í=íÜÉ=ïçêâáåÖ=~åÇ=~ï~êÇ=ã~êâë=~ÅÅçêÇáåÖ=íç=íÜÉ=ã~êâ=ëÅÜÉãÉK

OK `çåëÉèìÉåíá~ä=ã~êâáåÖ=ëÜçìäÇ=ÄÉ=ìëÉÇ=áå=Å~äÅìä~íáçåëK==qÜáë=áë=ïÜÉêÉ=~=Å~åÇáÇ~íÉDë=ïçêâáåÖ
áë= ÅçêêÉÅí= Äìí= áë= Ä~ëÉÇ= ìéçå= ~= éêÉîáçìë= ÉêêçêK= = tÜÉå= ÅçåëÉèìÉåíá~ä= ã~êâë= Ü~îÉ= ÄÉÉå
~ï~êÇÉÇ=ïêáíÉ=?ÉÅÑ?=åÉñí=íç=íÜÉ=íáÅâëK

PK fÑ= Å~åÇáÇ~íÉë= ìëÉ= íÜÉ=ãçäÉ= áå= Å~äÅìä~íáçåë= íÜÉó=ãìëí= ÄÉ= ~ï~êÇÉÇ= Ñìää=ã~êâë= Ñçê= ~= ÅçêêÉÅí
~åëïÉê=ÉîÉå=íÜçìÖÜ=íÜÉ=íÉêã=ã~ó=åçí=ÄÉ=çå=íÜÉ=ëóää~Äìë=~í=íÜÉáê=äÉîÉäK

QK fÑ=Å~åÇáÇ~íÉë=ìëÉ=ÅÜÉãáÅ~ä=Ñçêãìä~É=áåëíÉ~Ç=çÑ=ÅÜÉãáÅ~ä=å~ãÉëI=ÅêÉÇáí=Å~å=çåäó=ÄÉ=ÖáîÉå=áÑ=íÜÉ
Ñçêãìä~É=~êÉ=ÅçêêÉÅíK

nr^ifqv=lc=tofqqbk=`ljjrkf`^qflk

qÜáë=äçÖç=áåÇáÅ~íÉë=ïÜÉêÉ=ëíìÇÉåíë=ïáää=ÄÉ=~ëëÉëëÉÇ=çå=íÜÉáê=~Äáäáíó=íçW

• éêÉëÉåí=êÉäÉî~åí=áåÑçêã~íáçå=áå=~=Ñçêã=íÜ~í=ëìáíë=áíë=éìêéçëÉ

• ÉåëìêÉ=íÜ~í=ëéÉääáåÖI=éìåÅíì~íáçå=~åÇ=Öê~ãã~ê=~êÉ=~ÅÅìê~íÉI=ëç=íÜ~í=íÜÉ=ãÉ~åáåÖ=áë
ÅäÉ~ê

• ìëÉ=~=ëìáí~ÄäÉ=ëíêìÅíìêÉ=~åÇ=ëíóäÉ=çÑ=ïêáíáåÖK
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NK E~F mäìíçX N

EÄF mäìíçX
ÜÉ~íX
áÅêÉ~ëÉëX P

EÅF äçï=ÇÉåëáíóX N

EÇF EáF ä~êÖÉëí=î~äìÉ=çÑ=ëìêÑ~ÅÉ=Öê~îáíóX N

EááF mäìíçX N

qçí~ä=T=ã~êâë

OK E~F EáF ÅççâÉêX
ÜáÖÜÉëí=éçïÉêLãçëí=ÅìêêÉåíX O

EááF ÄáÖÖÉëí=ÅìêêÉåí=Ñçê=ë~ãÉ=îçäí~ÖÉLåÉÉÇë=ÜáÖÜ=ÅìêêÉåíL
ÜáÖÜ=éçïÉêX
ä~êÖÉëí=ÅìêêÉåí=ïáíÜ=äçïÉëí=êÉëáëí~åÅÉX

=O

EáááF íÜáÅâ=Å~ÄäÉë=Ü~îÉ=~=äçïÉê=êÉëáëí~åÅÉX
íÜáÅâ=Å~ÄäÉë=éêçÇìÅÉ=äÉëë=ÜÉ~íX =O

EÄF É~ÅÜ=ä~ãé=Ü~ë=áíë=çïå=ÅáêÅìáíL
É~ÅÜ=ä~ãé=Å~å=ÄÉ=ëïáíÅÜÉÇ=ëÉé~ê~íÉäóX
É~ÅÜ=ä~ãé=Ü~ë=íÜÉ=ë~ãÉ=îçäí~ÖÉL
É~ÅÜ=Å~å=çéÉê~íÉ=~í=çïå=éçïÉêX O

qçí~ä=U=ã~êâë

PK E~F ÑêáÅíáçå=Ñçê=ÖêáéLëç=íóêÉ=Å~å=éìëÜ=Ä~Åâ=çå=ÖêçìåÇX
Å~ê=ãçîÉë=Ñçêï~êÇLÑçêï~êÇ=éìëÜ=çÑ=ÖêçìåÇX =O

ÑêáÅíáçå=ÄÉíïÉÉå=Ü~åÇëX
éêçÇìÅÉë=ÜÉ~í=ÉåÉêÖóLâÉÉéë=Ü~åÇë=ï~êãX O

éäìë=N=ÅçããìåáÅ~íáçå=ã~êâ=Ñçê=ìëáåÖ=~=ëìáí~ÄäÉ=ëíêìÅíìêÉ=~åÇ
ëíóäÉ=çÑ=ïêáíáåÖX N

EÄF ìéï~êÇ=~êêçïX
ä~ÄÉääÉÇ=êÉ~ÅíáçåLéìëÜ=çÑ=í~ÄäÉX
Ççïåï~êÇ=~êêçïX
ä~ÄÉääÉÇ=ïÉáÖÜíLéìää=çÑ=b~êíÜX Q

qçí~ä=V=ã~êâë
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QK E~F ÑêáÅíáçåX
ÉäÉÅíêçëí~íáÅX
ÉäÉÅíêçåëX
~ííê~ÅíX Q

EÄF EáF ÅçêêÉÅí=ÇáêÉÅíáçå=çÑ=ãçîÉãÉåí=ëÜçïå=Eíçï~êÇë=ãÉí~ä=éä~íÉëFX =N

EááF ^å=Éñéä~å~íáçå=íç=áåÅäìÇÉW

• êÉéÉääÉÇ=Ñêçã=éçëáíáîÉ=ÖêáÇX

• ~ííê~ÅíÉÇ=íç=åÉÖ~íáîÉ=éä~íÉëX
x^ääçï=äáâÉ=ÅÜ~êÖÉë=êÉéÉäLìåäáâÉ=ÅÜ~êÖÉë=~ííê~Åí=Ñçê=N=ã~êâz

=O

EáááF íç=ã~âÉ=Çìëí=é~êíáÅäÉë=Ñ~ää=çÑÑL
áå=çêÇÉê=íç=ÅçääÉÅí=Çìëí=é~êíáÅäÉëLíç=ÅäÉ~å=íÜÉ=éä~íÉëX =N

qçí~ä=U=ã~êâë

RK E~F EáF ÄÉÅçãÉ=ÅçãéêÉëëÉÇLÅçãé~ÅíÉÇLëã~ääÉêLëèì~ëÜÉÇL
ÇÉÅêÉ~ëÉ=áå=ëáòÉLÖç=ÇçïåLéìëÜÉÇ=íçÖÉíÜÉêX N

EááF ëã~ääÉëí=ëéêáåÖ=ÅáêÅäÉÇX N

EáááF ãçëí=ÅçãéêÉëëÉÇLëã~ääÉëí=ëéêáåÖLltqqbX
x~=Åçãé~ê~íáîÉ=ëí~íÉãÉåí=áë=åÉÉÇÉÇz N

EÄF qïç=ëìÖÖÉëíáçåë=ÑêçãW

• ìëÉ=ãçêÉ=ëéêáåÖë=Eáå=íÜÉ=ãáÇÇäÉFX

• ìëÉ=ëíáÑÑÉêLëíêçåÖÉê=ëéêáåÖë=Eáå=íÜÉ=ãáÇÇäÉFX

• ëÉåëáÄäÉ=ìëÉ=çÑ=ã~íÉêá~äX

• ãçêÉ=Åçáäë=áå=íÜÉ=ëéêáåÖX O

EÅF EáF ~êêçï=éçáåíáåÖ=ÇçïåX
xfÖåçêÉ=éçáåí=çÑ=~Åíáçåz

N

EááF Ççïåï~êÇX
b~êíÜX O

qçí~ä=U=ã~êâë

SK E~F EáF éçáåíë=éäçííÉÇ=ÅçêêÉÅíäóXX
ëãççíÜ=ÅìêîÉ=Çê~ïåX P

EááF ~Äçìí=P=âãLÜX N

EáááF NNSM=ï~ííëX N

EáîF åçí=~äï~óë=ïáåÇóLî~êá~ÄäÉ=çìíéìíLíçç=ãìÅÜ=ä~åÇ=åÉÉÇÉÇX N

EÄF âáåÉíáÅLãçîÉãÉåíX
ÉäÉÅíêáÅ~äX O

qçí~ä=U=ã~êâë
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TK E~F EáF SRBX N

EááF ï~ääëJ=Çê~ìÖÜí=ÉñÅäìÇÉêLÅìêí~áåëLÅ~îáíó=ï~ää=áåëìä~íáçåX
ÑäççêJ=Å~êéÉíëLïççÇÉå=ÑäççêëX
x^ÅÅÉéí=Ç~ãé=éêççÑáåÖ=Ñçê=N=ã~êâz

O

EÄF EáF NMU=tX N

EááF OOQ=×=PSMMXX
UKMS=×=NMR

=EgFX

x^ääçï=O=ã~êâë=ïÜÉêÉ=PSMM=ëÉÅ=Ü~ë=ÄÉÉå=ãáëëÉÇLOOQ=×=SMz
=P

EÅF ^å=Éñéä~å~íáçå=íç=áåÅäìÇÉ=íïç=çÑW

• ~ééêçñ=RMB=çÑ=ÜÉ~í=äçëí=íÜêçìÖÜ=ïáåÇçï=ë~îÉÇX

• ïáåÇçïë=çåäó=~ÅÅçìåí=çÑ=NMB=çÑ=ÉåÉêÖó=äçëíX

• çåäó=~ééêçñ=RB=ë~îáåÖ=çå=ÜÉ~íáåÖ=ÄáääëX

• ã~âÉë=ÅçååÉÅíáçå=ÄÉíïÉÉå=ÉåÉêÖó=~åÇ=ÅçëíX
éäìë= N= ÅçããìåáÅ~íáçå= ã~êâ= Ñçê= éêÉëÉåíáåÖ= êÉäÉî~åí
áåÑçêã~íáçå=áå=~=Ñçêã=íÜ~í=ëìáíë=áíë=éìêéçëÉX P

qçí~ä=NM=ã~êâë

UK E~F EáF USX N

EááF NPQX N

EáááF ^å=Éñéä~å~íáçå=íç=áåÅäìÇÉ=é~êíáÅäÉë=ïáíÜW

• ë~ãÉ=åìãÄÉê=çÑ=éêçíçåëX

• ÇáÑÑÉêÉåí=åìãÄÉêë=çÑ=åÉìíêçåëX O

EÄF EáF ^å=Éñéä~å~íáçå=íç=áåÅäìÇÉW

• Ö~ë=ÄêÉ~íÜÉÇ=áåX

• α=J=é~êíáÅäÉë=Å~ååçí=é~ëë=íÜêçìÖÜ=äáîáåÖ=íáëëìÉX
• å~ãÉÇ=ÜÉ~äíÜ=êáëâX P

EááF ^=ÇáëÅìëëáçå=íç=áåÅäìÇÉ=íÜêÉÉ=çÑW

• ä~Åâ=çÑ=ìåÇÉêëí~åÇáåÖ=çÑ=Ç~åÖÉêëX

• ÉîáÇÉåÅÉX

• ÅçëíX

• áåÑçêã~íáçå=åçí=ïáÇÉäó=âåçïåX

• Åçãéä~ÅÉåÅóX

• áåÑçêã~íáçå=ÇáÇ=åçí=ëéÉää=çìí=Ç~åÖÉêë=ÅäÉ~êäóX

• êÉÖáçå~ä=î~êá~íáçåX
éäìë= N= ÅçããìåáÅ~íáçå= ã~êâ= Ñçê= ÉåëìêáåÖ= íÜ~í= ëéÉääáåÖI
éìåÅíì~íáçå=~åÇ=Öê~ãã~ê=~êÉ=~ÅÅìê~íÉI=ëç=íÜ~í=íÜÉ=ãÉ~åáåÖ
áë=ÅäÉ~êX Q

qçí~ä=NN=ã~êâë
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VK E~F EîÉêóF=ÜáÖÜ=ÑêÉèìÉåÅó=ëçìåÇX
ÄÉóçåÇ=Üìã~å=ÜÉ~êáåÖLÜìã~åë=Å~ååçí=ÜÉ~ê=íÜáë=ÑêÉèìÉåÅóX =O

EÄF EáF î=Z=ÑλX

f

v=λ X

MMMRM

NRMM
LMKMPX

ãX Q

EááF qçí~ä=Çáëí~åÅÉ=Z=OQMM=ãX

í=Z=
NRMM

OQMM
X

Z=NKSRX
ëX Q

x^ääçï=P=ã~êâë=ã~ñI=áÑ=íçí~ä=Çáëí~åÅÉ=í~âÉå=~ë=NOMM=ãz

EÅF ^=ëìÖÖÉëíáçå=íç=áåÅäìÇÉW

• çêÇáå~êó=ëçìåÇ=ëéêÉ~Çë=ãçêÉX

• ÅçåÅÉåíê~íáçå=äÉëëLäÉëë=áåíÉåëÉL
~ãéäáíìÇÉ=ÇÉÅêÉ~ëÉë=ê~éáÇäóX

• ê~åÖÉ=äáãáíÉÇLÅ~ååçí=íê~îÉä=Ñ~êX P

qçí~ä=NP=ã~êâë

NMK E~F EáF íçí~ä=áåíÉêå~ä=êÉÑäÉÅíáçåX =N

EááF ëÜçìäÇ=ëÜçï=ãçêÉ=êÉÑäÉÅíáçåëX =N

EáááF ^å=Éñéä~å~íáçå=íç=áåÅäìÇÉW

• ãçêÉ=êÉÑäÉÅíáçåëLÜáíë=ëáÇÉ=ãçêÉ=çÑíÉåX

• ÖêÉ~íÉê=Çáëí~åÅÉ=íç=íê~îÉäX

O

EÄF EáF X

EëÜ~êé=çåLçÑÑ=éìäëÉëF

=N

EááF Åçåíáåìçìëäó=î~êá~ÄäÉ=Eçê=Çá~ÖFLîçäí~ÖÉ=ÅÜ~åÖáåÖ=~ää=íÜÉ=íáãÉL
Å~å=Ü~îÉ=~åó=î~äìÉ=E~ääçï=ã~êâ=áÑ=ëÜçïå=çå=Çá~Öê~ãFX

=N

EÅF EáF ÇÉÅêÉ~ëÉëLÇáãëLäÉëë=áåíÉåëÉX N

EááF äáãáíë=ê~åÖÉLíê~îÉäë=äÉëëL=Å~ååçí=Öç=~ë=Ñ~êL~ãéäáíìÇÉ=äÉëëX N

qçí~ä=U=ã~êâë

qlq^i=j^ohp=VM



NRQM=Oc
«OMMM=babu`bi
qÜáë=éìÄäáÅ~íáçå=ã~ó=çåäó=ÄÉ=êÉéêçÇìÅÉÇ=áå=~ÅÅçêÇ~åÅÉ=ïáíÜ=babu`bi=éçäáÅóK
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póää~Äìë=NRQM

mÜóëáÅë=^

péÉÅáãÉå=m~éÉê=Oc

j^oh=p`ebjb

cáêëí=bñ~ãáå~íáçå=pìããÉê=OMMP
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rpfkd=qeb=j^oh=p`ebjb

NK qÜáë=ã~êâ=ëÅÜÉãÉ=ÖáîÉë=óçìX G=~å=áÇÉ~=çÑ=íÜÉ=íóéÉ=çÑ=êÉëéçåëÉ=ÉñéÉÅíÉÇ
G=Üçï=áåÇáîáÇì~ä=ã~êâë=~êÉ=íç=ÄÉ=~ï~êÇÉÇ
G=íÜÉ=íçí~ä=ã~êâ=Ñçê=É~ÅÜ=èìÉëíáçå
G=Éñ~ãéäÉë=çÑ=êÉëéçåëÉë=íÜ~í=ëÜçìäÇ=åçí=êÉÅÉáîÉ=ÅêÉÇáíK

OK X=ëÉé~ê~íÉë=éçáåíë=Ñçê=íÜÉ=~ï~êÇ=çÑ=É~ÅÜ=ã~êâK

PK L=ãÉ~åë=íÜ~í=íÜÉ=êÉëéçåëÉë=~êÉ=~äíÉêå~íáîÉë=~åÇ=ÉáíÜÉê=~åëïÉê=ëÜçìäÇ=êÉÅÉáîÉ=Ñìää=ÅêÉÇáíK

QK E= F= ãÉ~åë= íÜ~í= ~= éÜê~ëÉLïçêÇ= áë= åçí= ÉëëÉåíá~ä= Ñçê= íÜÉ= ~ï~êÇ= çÑ= íÜÉ= ã~êâ= Äìí= ÜÉäéë= íÜÉ
Éñ~ãáåÉê=íç=ÖÉí=íÜÉ=ëÉåëÉ=çÑ=íÜÉ=ÉñéÉÅíÉÇ=~åëïÉêK

RK mÜê~ëÉëLïçêÇë= áå=ÄçäÇ= áåÇáÅ~íÉ= íÜ~í= íÜÉ=ãÉ~åáåÖ= çÑ= íÜÉ= éÜê~ëÉLïçêÇ= áë=ÉëëÉåíá~ä= íç= íÜÉ
~åëïÉêK

SK ltqqb=Eçê=ïçêÇë=íç=íÜ~í=ÉÑÑÉÅíF=~åÇ=Éè=EÉèìáî~äÉåíF=áåÇáÅ~íÉ=íÜ~í=î~äáÇ=~äíÉêå~íáîÉ=~åëïÉêë
EïÜáÅÜ=Ü~îÉ=åçí=ÄÉÉå=ëéÉÅáÑáÉÇF=~êÉ=~ÅÅÉéí~ÄäÉK

TK ‘fÖåçêÉ’=ãÉ~åë= íÜ~í= íÜáë= ~åëïÉê= áë= åçí=ïçêíÜ= ~=ã~êâ= Äìí= ÇçÉë= åçí= åÉÖ~íÉ= ~å= ~ÇÇáíáçå~ä
ÅçêêÉÅí=êÉëéçåëÉK

UK ‘oÉàÉÅí’=ãÉ~åë= íÜ~í= íÜÉ= ~åëïÉê= áë=ïêçåÖ= ~åÇ=åÉÖ~íÉë= ~åó= ~ÇÇáíáçå~ä= ÅçêêÉÅí= êÉëéçåëÉ= Ñçê
íÜ~í=ëéÉÅáÑáÅ=ã~êâK

VK lo^=Eçê=êÉîÉêëÉ=~êÖìãÉåíF=áåÇáÅ~íÉë=íÜ~í=íÜÉ=ÅçãéäÉíÉ=êÉîÉêëÉ=áë=~äëç=î~äáÇ=Ñçê=íÜÉ=~ï~êÇ=çÑ
ã~êâëK

NMK ÉÅÑ=EÉêêçê=Å~êêáÉÇ=Ñçêï~êÇF=ãÉ~åë=íÜ~í=~=ïêçåÖ=~åëïÉê=ÖáîÉå=áå=~å=É~êäáÉê=é~êí=çÑ=~=èìÉëíáçå
áë=ìëÉÇ=ÅçêêÉÅíäó=áå=~åëïÉê=íç=~=ä~íÉê=é~êí=çÑ=íÜÉ=ë~ãÉ=èìÉëíáçåK

j^ohfkd

NK vçì=ãìëí=ÖáîÉ=~=íáÅâ=Eáå=êÉÇF=Ñçê=ÉîÉêó=ã~êâ=~ï~êÇÉÇK==qÜÉ=íáÅâ=ãìëí=ÄÉ=éä~ÅÉÇ=çå=íÜÉ=ëÅêáéí
ÅäçëÉ= íç= íÜÉ= ~åëïÉêK= = qÜÉ=ã~êâ= ~ï~êÇÉÇ= Ñçê= é~êí= çÑ= ~= èìÉëíáçå= ëÜçìäÇ= ÄÉ= ïêáííÉå= áå= íÜÉ
ã~êÖáå=ÅäçëÉ=íç=íÜÉ=ëìÄJíçí~äK

OK qÜÉ=ëìÄJíçí~ä=ã~êâë=Ñçê=~=èìÉëíáçå=ëÜçìäÇ=ÄÉ=~ÇÇÉÇ=íçÖÉíÜÉê=~åÇ=íÜÉ=íçí~ä=ã~êâ=ïêáííÉå=~åÇ
êáåÖÉÇ=~í=íÜÉ=ÉåÇ=çÑ=íÜÉ=èìÉëíáçå=íÜÉå=íê~åëÑÉêêÉÇ=íç=íÜÉ=Ñêçåí=çÑ=íÜÉ=ëÅêáéíK

PK pìÖÖÉëíáçåLÉñéä~å~íáçå= èìÉëíáçåë= ëÜçìäÇ= ÄÉ=ã~êâÉÇ= ÅçêêÉÅí= ÉîÉå=ïÜÉå= íÜÉ= ëìÖÖÉëíáçå= áë
Åçåí~áåÉÇ=ïáíÜáå=íÜÉ=Éñéä~å~íáçåK

QK aç=åçí=~ï~êÇ=ã~êâë=Ñçê=êÉéÉíáíáçå=çÑ=íÜÉ=ëíÉã=çÑ=íÜÉ=èìÉëíáçåK

RK j~âÉ=ëìêÉ=íÜ~í=íÜÉ=~åëïÉê=ã~âÉë=ëÉåëÉK==aç=åçí=ÖáîÉ=ÅêÉÇáí=Ñçê=ÅçêêÉÅí=ïçêÇëLéÜê~ëÉë=ïÜáÅÜ
~êÉ=éìí=íçÖÉíÜÉê=áå=~=ãÉ~åáåÖäÉëë=ã~ååÉêK==^åëïÉêë=ãìëí=ÄÉ=áå=íÜÉ=ÅçêêÉÅí=ëÅáÉåíáÑáÅ=ÅçåíÉñíK

^jmifcf`^qflk

NK få=Å~äÅìä~íáçåëI=Ñìää=ÅêÉÇáí=ãìëí=ÄÉ=ÖáîÉå=Ñçê=~=Ä~äÇI=ÅçêêÉÅí=~åëïÉêK==fÑ=~=åìãÉêáÅ~ä=~åëïÉê=áë
áåÅçêêÉÅíI=äççâ=~í=íÜÉ=ïçêâáåÖ=~åÇ=~ï~êÇ=ã~êâë=~ÅÅçêÇáåÖ=íç=íÜÉ=ã~êâ=ëÅÜÉãÉK

OK `çåëÉèìÉåíá~ä=ã~êâáåÖ=ëÜçìäÇ=ÄÉ=ìëÉÇ=áå=Å~äÅìä~íáçåëK==qÜáë=áë=ïÜÉêÉ=~=Å~åÇáÇ~íÉDë=ïçêâáåÖ
áë= ÅçêêÉÅí= Äìí= áë= Ä~ëÉÇ= ìéçå= ~= éêÉîáçìë= ÉêêçêK= = tÜÉå= ÅçåëÉèìÉåíá~ä= ã~êâë= Ü~îÉ= ÄÉÉå
~ï~êÇÉÇ=ïêáíÉ=?ÉÅÑ?=åÉñí=íç=íÜÉ=íáÅâëK

PK fÑ= Å~åÇáÇ~íÉë= ìëÉ= íÜÉ=ãçäÉ= áå= Å~äÅìä~íáçåë= íÜÉó=ãìëí= ÄÉ= ~ï~êÇÉÇ= Ñìää=ã~êâë= Ñçê= ~= ÅçêêÉÅí
~åëïÉê=ÉîÉå=íÜçìÖÜ=íÜÉ=íÉêã=ã~ó=åçí=ÄÉ=çå=íÜÉ=ëóää~Äìë=~í=íÜÉáê=äÉîÉäK

QK fÑ=Å~åÇáÇ~íÉë=ìëÉ=ÅÜÉãáÅ~ä=Ñçêãìä~É=áåëíÉ~Ç=çÑ=ÅÜÉãáÅ~ä=å~ãÉëI=ÅêÉÇáí=Å~å=çåäó=ÄÉ=ÖáîÉå=áÑ=íÜÉ
Ñçêãìä~É=~êÉ=ÅçêêÉÅíK

nr^ifqv=lc=tofqqbk=`ljjrkf`^qflk

qÜáë=äçÖç=áåÇáÅ~íÉë=ïÜÉêÉ=ëíìÇÉåíë=ïáää=ÄÉ=~ëëÉëëÉÇ=çå=íÜÉáê=~Äáäáíó=íçW

• éêÉëÉåí=êÉäÉî~åí=áåÑçêã~íáçå=áå=~=Ñçêã=íÜ~í=ëìáíë=áíë=éìêéçëÉ

• ÉåëìêÉ=íÜ~í=ëéÉääáåÖI=éìåÅíì~íáçå=~åÇ=Öê~ãã~ê=~êÉ=~ÅÅìê~íÉI=ëç=íÜ~í=íÜÉ=ãÉ~åáåÖ=áë
ÅäÉ~ê

• ìëÉ=~=ëìáí~ÄäÉ=ëíêìÅíìêÉ=~åÇ=ëíóäÉ=çÑ=ïêáíáåÖK
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NK E~F ÉåÉêÖó àçìäÉ

íÉãéÉê~íìêÉ ãLë

ï~îÉäÉåÖíÜ âÉäîáå

ÅìêêÉåí ~ãéÉêÉ

éêÉëëìêÉ é~ëÅ~ä

ï~îÉ=ëéÉÉÇ ã

ÑáîÉ=ÅçêêÉÅí J=Q=ã~êâë
íÜêÉÉ=ÅçêêÉÅí J=P=ã~êâë
íïç=ÅçêêÉÅí J=O=ã~êâë
çåÉ=ÅçêêÉÅí J=N=ã~êâ Q

EÄF ÉåÅçÇÉêX
~ãéäáÑáÉêX
êÉÅÉáîÉêX
ÇÉÅçÇÉêX
ëíçê~ÖÉX R

qçí~ä=V=ã~êâë

OK E~F áåÅêÉ~ëÉëX N

EÄF EáF OQ=ÜêëX N

EááF PSX
ãáääáçå=ãX
x^ääçï=ÉÅÑ=Ñêçã=é~êí=EÄFEfFz

O

EáááF íÉäÉîáëáçåLê~ÇáçX
íÉäÉéÜçåÉX O

EÅF ÇÉí~áä=ëÉÉåX
Å~å=é~ëë=çîÉê=ïÜçäÉ=b~êíÜ=ÇìêáåÖ=~=Ç~óL
åçí=àìëí=çÄëÉêîÉ=çåÉ=éä~ÅÉ=~ää=íÜÉ=íáãÉX

O
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EÇF ^=ÇÉëÅêáéíáçå=íç=áåÅäìÇÉ=íÜêÉÉ=çÑW

• ~ë=áí=ëäçïëI=Çê~ïå=áåï~êÇëLê~Çáìë=çÑ=çêÄáí=ÇÉÅêÉ~ëÉëX

• Äó=éìää=çÑ=b~êíÜX

• ÉåíÉêë=~íãçëéÜÉêÉX

• Äìêåë=ìéX
éäìë= N= ÅçããìåáÅ~íáçå= ã~êâ= Ñçê= ÉåëìêáåÖ= íÜ~í= ëéÉääáåÖI
éìåÅíì~íáçå= ~åÇ= Öê~ãã~ê= ~êÉ= ~ÅÅìê~íÉI= ëç= íÜ~í= íÜÉ
ãÉ~åáåÖ=áë=ÅäÉ~êX

Q

qçí~ä=NO=ã~êâë

PK E~F EáF ÉäÉÅíêçåëX =N

EááF Ñáä~ãÉåíX
ÜçíX
åÉÖ~íáîÉX
êÉéÉääÉÇX Q

EÄF EáF ÅìêîÉÇ=ìé=ãçêÉX N

EááF ÅìêîÉÇ=ÇçïåX
Åìêî~íìêÉ=ëáãáä~ê=íç=é~êí=EáFX O

EÅF EáF _X N

EááF äáÖÜíX N

EáááF ÄêáÖÜíÉêX N

qçí~ä=NN=ã~êâë

QK E~F EáF ^å=Éñéä~å~íáçå=íç=áåÅäìÇÉW

• Å~ÄäÉ=Ü~ë=ÉäÉÅíêáÅ~ä=êÉëáëí~åÅÉX

• ÉåÉêÖó=äçëí=~ë=ÜÉ~íX O

EááF íç=êÉéä~ÅÉ=äçëí=ÉåÉêÖóLÄççëí=íÜÉ=ëáÖå~äLáåÅêÉ~ëÉ=~ãéäáíìÇÉX =N

EáááF åçáëÉX N

EÄF EáF ÇáÖáí~äX N

EááF ^å=Éñéä~å~íáçå=íç=áåÅäìÇÉW

• îÉêó=ëÜçêí=íáãÉ=áåíÉêî~ä=ÄÉíïÉÉå=éìäëÉëX

• äçíë=Å~å=ÄÉ=éä~ÅÉÇ=ÅäçëÉ=íçÖÉíÜÉêX

=O

EÅF äçìÇëéÉ~âÉêX N

qçí~ä=U=ã~êâë
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RK E~F ëâó=ï~îÉëX
ëé~ÅÉ=ï~îÉëX O

EÄF ÇáÑÑê~ÅíáçåX N

EÅF î=Z=Ñ=×=λX
P=×=NMU

=Z=SPV=×=ÑX
QSVX
âeòX Q

EÇF EáF ÑÉï=EáÑ=~åóF=ÜçìëÉÜçäÇë=Ü~Ç=ê~ÇáçëL
É~êäó=Ç~óë=çÑ=áçåçëéÜÉêáÅ=êÉëÉ~êÅÜX N

EááF Ö~íÜÉê=ãçêÉ=ÉîáÇÉåÅÉLÇ~í~L
éìÄäáÅáëÉ=íÜÉáê=êÉëÉ~êÅÜLáåëíáíìíáçåX N

EáááF ä~åÖì~ÖÉLÅçåíÉåí=íçç=ÇáÑÑáÅìäíLíÉÅÜåáÅ~ä=Ñçê=åçåJëÅáÉåíáëíëL
ã~ó=éìí=éÉçéäÉ=çÑÑ=ÜÉäéáåÖX N

qçí~ä=NM=ã~êâë

SK E~F EáF ^å=Éñéä~å~íáçå=íç=áåÅäìÇÉW

• é~êíáÅäÉë=ãçîáåÖX

• Åçääáëáçåë=ïáíÜ=ï~ääëLÜáííáåÖ=ï~ääëX

• ÑçêÅÉ=éêçÇìÅÉÇX
éäìë= N= ÅçããìåáÅ~íáçå= ã~êâ= Ñçê= ÉåëìêáåÖ= íÜ~í= ëéÉääáåÖI
éìåÅíì~íáçå=~åÇ=Öê~ãã~ê=~êÉ=~ÅÅìê~íÉI=ëç=íÜ~í=íÜÉ=ãÉ~åáåÖ
áë=ÅäÉ~êX Q

EááF ^å=Éñéä~å~íáçå=íç=áåÅäìÇÉW

• ãçêÉ=ÅçääáëáçåëX

• ãçêÉ=é~êíáÅäÉë=éêÉëÉåíX O

EÄF EáF ^å=Éñéä~å~íáçå=íç=áåÅäìÇÉW

• åçí=ãçîáåÖL~ää=Ö~ëÉë=áå=ëçäáÇ=ëí~íÉX

• åç=hKbKX O

EááF âÉäîáåX =N

EáááF EHFPTPEhF N

qçí~ä=NM=ã~êâë

qlq^i=j^ohp=SM



NROOKSeLNRQMKPe
80



NROOKSeLNRQMKPe
«OMMM=babu`bi
qÜáë=éìÄäáÅ~íáçå=ã~ó=çåäó=ÄÉ=êÉéêçÇìÅÉÇ=áå=~ÅÅçêÇ~åÅÉ=ïáíÜ=babu`bi=éçäáÅóK
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póää~Äìë=NRQM

mÜóëáÅë=^

péÉÅáãÉå=m~éÉê=Pe

j^oh=p`ebjb

cáêëí=bñ~ãáå~íáçå=pìããÉê=OMMP
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rpfkd=qeb=j^oh=p`ebjb

NK qÜáë=ã~êâ=ëÅÜÉãÉ=ÖáîÉë=óçìX G=~å=áÇÉ~=çÑ=íÜÉ=íóéÉ=çÑ=êÉëéçåëÉ=ÉñéÉÅíÉÇ
G=Üçï=áåÇáîáÇì~ä=ã~êâë=~êÉ=íç=ÄÉ=~ï~êÇÉÇ
G=íÜÉ=íçí~ä=ã~êâ=Ñçê=É~ÅÜ=èìÉëíáçå
G=Éñ~ãéäÉë=çÑ=êÉëéçåëÉë=íÜ~í=ëÜçìäÇ=åçí=êÉÅÉáîÉ=ÅêÉÇáíK

OK X=ëÉé~ê~íÉë=éçáåíë=Ñçê=íÜÉ=~ï~êÇ=çÑ=É~ÅÜ=ã~êâK

PK L=ãÉ~åë=íÜ~í=íÜÉ=êÉëéçåëÉë=~êÉ=~äíÉêå~íáîÉë=~åÇ=ÉáíÜÉê=~åëïÉê=ëÜçìäÇ=êÉÅÉáîÉ=Ñìää=ÅêÉÇáíK

QK E= F= ãÉ~åë= íÜ~í= ~= éÜê~ëÉLïçêÇ= áë= åçí= ÉëëÉåíá~ä= Ñçê= íÜÉ= ~ï~êÇ= çÑ= íÜÉ= ã~êâ= Äìí= ÜÉäéë= íÜÉ
Éñ~ãáåÉê=íç=ÖÉí=íÜÉ=ëÉåëÉ=çÑ=íÜÉ=ÉñéÉÅíÉÇ=~åëïÉêK

RK mÜê~ëÉëLïçêÇë= áå=ÄçäÇ= áåÇáÅ~íÉ= íÜ~í= íÜÉ=ãÉ~åáåÖ= çÑ= íÜÉ= éÜê~ëÉLïçêÇ= áë=ÉëëÉåíá~ä= íç= íÜÉ
~åëïÉêK

SK ltqqb=Eçê=ïçêÇë=íç=íÜ~í=ÉÑÑÉÅíF=~åÇ=Éè=EÉèìáî~äÉåíF=áåÇáÅ~íÉ=íÜ~í=î~äáÇ=~äíÉêå~íáîÉ=~åëïÉêë
EïÜáÅÜ=Ü~îÉ=åçí=ÄÉÉå=ëéÉÅáÑáÉÇF=~êÉ=~ÅÅÉéí~ÄäÉK

TK ÚfÖåçêÉÛ=ãÉ~åë= íÜ~í= íÜáë= ~åëïÉê= áë= åçí= ïçêíÜ= ~=ã~êâ= Äìí= ÇçÉë= åçí= åÉÖ~íÉ= ~å= ~ÇÇáíáçå~ä
ÅçêêÉÅí=êÉëéçåëÉK

UK ÚoÉàÉÅíÛ=ãÉ~åë= íÜ~í= íÜÉ= ~åëïÉê= áë=ïêçåÖ= ~åÇ=åÉÖ~íÉë= ~åó= ~ÇÇáíáçå~ä= ÅçêêÉÅí= êÉëéçåëÉ= Ñçê
íÜ~í=ëéÉÅáÑáÅ=ã~êâK

VK lo^=Eçê=êÉîÉêëÉ=~êÖìãÉåíF=áåÇáÅ~íÉë=íÜ~í=íÜÉ=ÅçãéäÉíÉ=êÉîÉêëÉ=áë=~äëç=î~äáÇ=Ñçê=íÜÉ=~ï~êÇ=çÑ
ã~êâëK

NMK ÉÅÑ=EÉêêçê=Å~êêáÉÇ=Ñçêï~êÇF=ãÉ~åë=íÜ~í=~=ïêçåÖ=~åëïÉê=ÖáîÉå=áå=~å=É~êäáÉê=é~êí=çÑ=~=èìÉëíáçå
áë=ìëÉÇ=ÅçêêÉÅíäó=áå=~åëïÉê=íç=~=ä~íÉê=é~êí=çÑ=íÜÉ=ë~ãÉ=èìÉëíáçåK

j^ohfkd

NK vçì=ãìëí=ÖáîÉ=~=íáÅâ=Eáå=êÉÇF=Ñçê=ÉîÉêó=ã~êâ=~ï~êÇÉÇK==qÜÉ=íáÅâ=ãìëí=ÄÉ=éä~ÅÉÇ=çå=íÜÉ=ëÅêáéí
ÅäçëÉ= íç= íÜÉ= ~åëïÉêK= = qÜÉ=ã~êâ= ~ï~êÇÉÇ= Ñçê= é~êí= çÑ= ~= èìÉëíáçå= ëÜçìäÇ= ÄÉ= ïêáííÉå= áå= íÜÉ
ã~êÖáå=ÅäçëÉ=íç=íÜÉ=ëìÄJíçí~äK

OK qÜÉ=ëìÄJíçí~ä=ã~êâë=Ñçê=~=èìÉëíáçå=ëÜçìäÇ=ÄÉ=~ÇÇÉÇ=íçÖÉíÜÉê=~åÇ=íÜÉ=íçí~ä=ã~êâ=ïêáííÉå=~åÇ
êáåÖÉÇ=~í=íÜÉ=ÉåÇ=çÑ=íÜÉ=èìÉëíáçå=íÜÉå=íê~åëÑÉêêÉÇ=íç=íÜÉ=Ñêçåí=çÑ=íÜÉ=ëÅêáéíK

PK pìÖÖÉëíáçåLÉñéä~å~íáçå= èìÉëíáçåë= ëÜçìäÇ= ÄÉ=ã~êâÉÇ= ÅçêêÉÅí= ÉîÉå=ïÜÉå= íÜÉ= ëìÖÖÉëíáçå= áë
Åçåí~áåÉÇ=ïáíÜáå=íÜÉ=Éñéä~å~íáçåK

QK aç=åçí=~ï~êÇ=ã~êâë=Ñçê=êÉéÉíáíáçå=çÑ=íÜÉ=ëíÉã=çÑ=íÜÉ=èìÉëíáçåK

RK j~âÉ=ëìêÉ=íÜ~í=íÜÉ=~åëïÉê=ã~âÉë=ëÉåëÉK==aç=åçí=ÖáîÉ=ÅêÉÇáí=Ñçê=ÅçêêÉÅí=ïçêÇëLéÜê~ëÉë=ïÜáÅÜ
~êÉ=éìí=íçÖÉíÜÉê=áå=~=ãÉ~åáåÖäÉëë=ã~ååÉêK==^åëïÉêë=ãìëí=ÄÉ=áå=íÜÉ=ÅçêêÉÅí=ëÅáÉåíáÑáÅ=ÅçåíÉñíK

^jmifcf`^qflk

NK få=Å~äÅìä~íáçåëI=Ñìää=ÅêÉÇáí=ãìëí=ÄÉ=ÖáîÉå=Ñçê=~=Ä~äÇI=ÅçêêÉÅí=~åëïÉêK==fÑ=~=åìãÉêáÅ~ä=~åëïÉê=áë
áåÅçêêÉÅíI=äççâ=~í=íÜÉ=ïçêâáåÖ=~åÇ=~ï~êÇ=ã~êâë=~ÅÅçêÇáåÖ=íç=íÜÉ=ã~êâ=ëÅÜÉãÉK

OK `çåëÉèìÉåíá~ä=ã~êâáåÖ=ëÜçìäÇ=ÄÉ=ìëÉÇ=áå=Å~äÅìä~íáçåëK==qÜáë=áë=ïÜÉêÉ=~=Å~åÇáÇ~íÉDë=ïçêâáåÖ
áë= ÅçêêÉÅí= Äìí= áë= Ä~ëÉÇ= ìéçå= ~= éêÉîáçìë= ÉêêçêK= = tÜÉå= ÅçåëÉèìÉåíá~ä= ã~êâë= Ü~îÉ= ÄÉÉå
~ï~êÇÉÇ=ïêáíÉ=?ÉÅÑ?=åÉñí=íç=íÜÉ=íáÅâëK

PK fÑ= Å~åÇáÇ~íÉë= ìëÉ= íÜÉ=ãçäÉ= áå= Å~äÅìä~íáçåë= íÜÉó=ãìëí= ÄÉ= ~ï~êÇÉÇ= Ñìää=ã~êâë= Ñçê= ~= ÅçêêÉÅí
~åëïÉê=ÉîÉå=íÜçìÖÜ=íÜÉ=íÉêã=ã~ó=åçí=ÄÉ=çå=íÜÉ=ëóää~Äìë=~í=íÜÉáê=äÉîÉäK

QK fÑ=Å~åÇáÇ~íÉë=ìëÉ=ÅÜÉãáÅ~ä=Ñçêãìä~É=áåëíÉ~Ç=çÑ=ÅÜÉãáÅ~ä=å~ãÉëI=ÅêÉÇáí=Å~å=çåäó=ÄÉ=ÖáîÉå=áÑ=íÜÉ
Ñçêãìä~É=~êÉ=ÅçêêÉÅíK

nr^ifqv=lc=tofqqbk=`ljjrkf`^qflk

qÜáë=äçÖç=áåÇáÅ~íÉë=ïÜÉêÉ=ëíìÇÉåíë=ïáää=ÄÉ=~ëëÉëëÉÇ=çå=íÜÉáê=~Äáäáíó=íçW

• éêÉëÉåí=êÉäÉî~åí=áåÑçêã~íáçå=áå=~=Ñçêã=íÜ~í=ëìáíë=áíë=éìêéçëÉ

• ÉåëìêÉ=íÜ~í=ëéÉääáåÖI=éìåÅíì~íáçå=~åÇ=Öê~ãã~ê=~êÉ=~ÅÅìê~íÉI=ëç=íÜ~í=íÜÉ=ãÉ~åáåÖ=áë
ÅäÉ~ê

• ìëÉ=~=ëìáí~ÄäÉ=ëíêìÅíìêÉ=~åÇ=ëíóäÉ=çÑ=ïêáíáåÖK



NROOKSeLNRQMKPe 83

NK E~F EáF SRBX =N

EááF ï~ääëJ=Çê~ìÖÜí=ÉñÅäìÇÉêLÅìêí~áåëLÅ~îáíó=ï~ää=áåëìä~íáçåX
ÑäççêJ=Å~êéÉíëLïççÇÉå=ÑäççêëX
x^ÅÅÉéí=Ç~ãé=éêççÑáåÖ=Ñçê=N=ã~êâz

O

EÄF EáF NMU=tX =N

EááF OOQ=×=PSMMXX
UKMS=×=NMR

=EgFX

x^ääçï=O=ã~êâë=ïÜÉêÉ=PSMM=ëÉÅ=Ü~ë=ÄÉÉå=ãáëëÉÇLOOQ=×=SMz
=P

EÅF ^å=Éñéä~å~íáçå=íç=áåÅäìÇÉ=íïç=çÑW

• ~ééêçñ=RMB=çÑ=ÜÉ~í=äçëí=íÜêçìÖÜ=ïáåÇçï=ë~îÉÇX

• ïáåÇçïë=çåäó=~ÅÅçìåí=çÑ=NMB=çÑ=ÉåÉêÖó=äçëíX

• çåäó=~ééêçñ=RB=ë~îáåÖ=çå=ÜÉ~íáåÖ=ÄáääëX

• ã~âÉë=ÅçååÉÅíáçå=ÄÉíïÉÉå=ÉåÉêÖó=~åÇ=ÅçëíX
éäìë= N= ÅçããìåáÅ~íáçå= ã~êâ= Ñçê= éêÉëÉåíáåÖ= êÉäÉî~åí
áåÑçêã~íáçå=áå=~=Ñçêã=íÜ~í=ëìáíë=áíë=éìêéçëÉX P

qçí~ä=NM=ã~êâë

OK E~F EáF USX N

EááF NPQX N

EáááF ^å=Éñéä~å~íáçå=íç=áåÅäìÇÉ=é~êíáÅäÉë=ïáíÜW

• ë~ãÉ=åìãÄÉê=çÑ=éêçíçåëX

• ÇáÑÑÉêÉåí=åìãÄÉêë=çÑ=åÉìíêçåëX O

EÄF EáF ^å=Éñéä~å~íáçå=íç=áåÅäìÇÉW

• Ö~ë=ÄêÉ~íÜÉÇ=áåX

• α=J=é~êíáÅäÉë=Å~ååçí=é~ëë=íÜêçìÖÜ=äáîáåÖ=íáëëìÉX
• å~ãÉÇ=ÜÉ~äíÜ=êáëâX P

EááF ^=ÇáëÅìëëáçå=íç=áåÅäìÇÉ=íÜêÉÉ=çÑW

• ä~Åâ=çÑ=ìåÇÉêëí~åÇáåÖ=çÑ=Ç~åÖÉêëX

• ÉîáÇÉåÅÉX

• ÅçëíX

• áåÑçêã~íáçå=åçí=ïáÇÉäó=âåçïåX

• Åçãéä~ÅÉåÅóX

• áåÑçêã~íáçå=ÇáÇ=åçí=ëéÉää=çìí=Ç~åÖÉêë=ÅäÉ~êäóX

• êÉÖáçå~ä=î~êá~íáçåX
éäìë= N= ÅçããìåáÅ~íáçå= ã~êâ= Ñçê= ÉåëìêáåÖ= íÜ~í= ëéÉääáåÖI
éìåÅíì~íáçå=~åÇ=Öê~ãã~ê=~êÉ=~ÅÅìê~íÉI=ëç=íÜ~í=íÜÉ=ãÉ~åáåÖ
áë=ÅäÉ~êX

Q

qçí~ä=NN=ã~êâë
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PK E~F EîÉêóF=ÜáÖÜ=ÑêÉèìÉåÅó=ëçìåÇX
ÄÉóçåÇ=Üìã~å=ÜÉ~êáåÖLÜìã~åë=Å~ååçí=ÜÉ~ê=íÜáë=ÑêÉèìÉåÅóX O

EÄF EáF î=Z=ÑλX

f

v=λ X

MMMRM

NRMM
LMKMPX

ãX Q

EááF qçí~ä=Çáëí~åÅÉ=Z=OQMM=ãX

í=Z=
NRMM

OQMM
X

Z=NKSRX
ëX Q

x^ääçï=P=ã~êâë=ã~ñI=áÑ=íçí~ä=Çáëí~åÅÉ=í~âÉå=~ë=NOMM=ãz

EÅF ^=ëìÖÖÉëíáçå=íç=áåÅäìÇÉW

• çêÇáå~êó=ëçìåÇ=ëéêÉ~Çë=ãçêÉX

• ÅçåÅÉåíê~íáçå=äÉëëLäÉëë=áåíÉåëÉL
~ãéäáíìÇÉ=ÇÉÅêÉ~ëÉë=ê~éáÇäóX

• ê~åÖÉ=äáãáíÉÇLÅ~ååçí=íê~îÉä=Ñ~êX P

qçí~ä=NP=ã~êâë

QK E~F EáF íçí~ä=áåíÉêå~ä=êÉÑäÉÅíáçåX N

EááF ëÜçìäÇ=ëÜçï=ãçêÉ=êÉÑäÉÅíáçåëX N

EáááF ^å=Éñéä~å~íáçå=íç=áåÅäìÇÉW

• ãçêÉ=êÉÑäÉÅíáçåëLÜáíë=ëáÇÉ=ãçêÉ=çÑíÉåX

• ÖêÉ~íÉê=Çáëí~åÅÉ=íç=íê~îÉäX

=O

EÄF EáF X

EëÜ~êé=çåLçÑÑ=éìäëÉëF

N

EááF Åçåíáåìçìëäó=î~êá~ÄäÉ=Eçê=Çá~ÖFLîçäí~ÖÉ=ÅÜ~åÖáåÖ=~ää=íÜÉ=íáãÉL
Å~å=Ü~îÉ=~åó=î~äìÉ=E~ääçï=ã~êâ=áÑ=ëÜçïå=çå=Çá~Öê~ãFX

N

EÅF EáF ÇÉÅêÉ~ëÉëLÇáãëLäÉëë=áåíÉåëÉX =N

EááF äáãáíë=ê~åÖÉLíê~îÉäë=äÉëëL=Å~ååçí=Öç=~ë=Ñ~êL~ãéäáíìÇÉ=äÉëëX =N

qçí~ä=U=ã~êâë
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RK E~F EáF ÅÜ~åÖáåÖ=éçä~êáíóI =N

EááF ^åó=íïç=ÑêçãW

• ëíêçåÖÉê=ã~ÖåÉíX

• ãçêÉ=íìêåëX

• áåÅêÉ~ëÉ=ëéÉÉÇ=êçí~íáçåX

• éä~ÅáåÖ=Åçáä=çå=ëçÑí=áêçå=ÅçêÉX O

EÄF EáF ^å=Éñéä~å~íáçå=íç=áåÅäìÇÉW

• ÜáÖÜÉê=sI=äÉëë=fX

• äÉëë=fI=äçïÉê=ÜÉ~íáåÖ=ÉÑÑÉÅíX O

EááF
;;�

�

�
�
�

�=== éêáã~êóíçëÉÅçåÇ~êóáÑ
N

NS
=çê=

NS

N
==

MMM=QMM

ORMMM
==X

s

s
==

k

k

ë

é

ë

é

P

EÅF ^Çî~åí~ÖÉW äÉëë=êÉëáëí~åÅÉX
aáë~Çî~åí~ÖÉW ÜÉ~îáÉêX O

qçí~ä=NM=ã~êâë

SK E~F EáF ÅçééÉê=áçåë=íçï~êÇë=åÉÖ~íáîÉ=éä~íÉ=áÉ=íç=êáÖÜí
ëìäÑ~íÉ=áçåë=íçï~êÇë=éçëáíáîÉ=éä~íÉ=áÉ=íç=äÉÑíX N

EááF ^å=Éñéä~å~íáçå=íç=áåÅäìÇÉW

• ~ããÉíÉêLjOX

• ãçîáåÖ=ÅÜ~êÖÉë=ã~âÉ=~=ÅìêêÉåíX O

EÄF EáF n=Z=fíX

Z=MKR=×=R=×=SMX
Z=NRMX

`X
xj~ñ=P=ã~êâë=ïÜÉêÉ=SM=ëÉÅ=Ü~ë=ÄÉÉå=çãáííÉÇz Q

EááF NRMLPKO=×=NM=ÓNVX
QKSUU=×=NMOM

X
x^ääçï=ÉÅÑ=Ñêçã=é~êí=EÄFEáFz

O

EáááF S=gL`X

S=×=EPKO=×=NMJNV=
F=Z=NKVO=×=NMJNU=

X
gX P

qçí~ä=NO=ã~êâë

TK E~F cZ=ã=×=~=L=t=Z=ã=×=ÖX
==Z=TM=×=NMX
==Z=TMM=kX =P

EÄF ëéÉÉÇ=Åçåëí~åíX
ìéï~êÇ=ÑçêÅÉ=Z=Ççïåï~êÇ=ÑçêÅÉL
ÑçêÅÉë=Ä~ä~åÅÉÇLÑêçã=c=Z=ã~=áÑ=~=Z=MX O
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EÅF ^=ÇÉëÅêáéíáçå=~åÇ=~å=Éñéä~å~íáçå=íç=áåÅäìÇÉW

• çéÉåë=é~ê~ÅÜìíÉ=~í=`X

• Çê~Ö=ÑçêÅÉ=áåÅêÉ~ëÉÇLìéï~êÇ=ÑçêÅÉ=áåÅêÉ~ëÉÇX

• äçïÉê=íÉêãáå~ä=îÉäçÅáíóX
éäìë=N=ÅçããìåáÅ~íáçå=ã~êâ=Ñçê=ìëáåÖ=~=ëìáí~ÄäÉ=ëíêìÅíìêÉ
~åÇ=ëíóäÉ=çÑ=ïêáíáåÖX Q

EÇF ëÜçïë=äçïÉê=íÉêãáå~ä=îÉäçÅáíó=~í=aX
ëÜçïë=äçåÖÉê=íáãÉ=íç=ä~åÇX =O

qçí~ä=NN=ã~êâë

UK E~F EáF çåäó=ÉäÉÅíêçã~ÖåÉíáÅ=ï~îÉë=Å~å=íê~îÉä=íÜêçìÖÜ=ëé~ÅÉLî~ÅììãX =N

EááF áåÑê~JêÉÇX N

EáááF Å~åÅÉê=EëâáåFX
çåÉ=çíÜÉê=áÇÉåíáÑáÉÇ=Ç~åÖÉê=ÉÖ=Ç~ã~ÖÉ=íç=ÉóÉëX

=O

EÄF EáF ^=ÇÉëÅêáéíáçå=íç=áåÅäìÇÉW

• éçíÉåíá~ä=ÉåÉêÖó=~í=Çáëí~åÅÉL
hb=áåÅêÉ~ëÉë=~ë=é~êíáÅäÉë=ãçîÉ=áåX

• ÜÉ~í=ÉåÉêÖó=áåÅêÉ~ëÉëX O

EááF ^å=Éñéä~å~íáçå=íç=áåÅäìÇÉW

• hb=áåÅêÉ~ëáåÖ=íÜÉêÉÑçêÉ=íÉãéÉê~íìêÉ=áåÅêÉ~ëáåÖL
íçí~ä=ÉåÉêÖó=ãçêÉX

• ~í=ÜáÖÜ=íÉãéÉê~íìêÉ=åìÅäÉá=Å~å=ìåÇÉêÖç=ÑìëáçåX O

EÅF ^=ÇÉëÅêáéíáçå=çÑ=ÉîÉåíë=íç=áåÅäìÇÉ=íÜêÉÉ=ÑêçãW

• ÜóÇêçÖÉå=ÖçåÉ=→=ÅÉåíêÉ=ÅççäëX

• ëí~ê=éìääÉÇ=áåI=Åçää~éëÉëX

• hb=áåÅêÉ~ëÉÇ=~Ö~áåI=íÉãé=êáëÉëX

• Ñìëáçå=çÑ=ÜÉ~îáÉê=ÉäÉãÉåíëX

• oÉÇ=Öá~åíX

• ÉñéäçëáçåX
éäìë= N= ÅçããìåáÅ~íáçå=ã~êâ= Ñçê= éêÉëÉåíáåÖ= êÉäÉî~åí
áåÑçêã~íáçå=áå=~=Ñçêã=íÜ~í=ëìáíë=áíë=éìêéçëÉ Q

EÇF ^=ÇÉëÅêáéíáçå=íç=áåÅäìÇÉ=íÜêÉÉ=ÑêçãW

• Üçí=�ëìéÉê=~íçãÒ=ÉêìéíÉÇ=áå=~=Äìêëí=çÑ=ÉåÉêÖóX

• råáîÉêëÉ=áë=Éñé~åÇáåÖL
Ö~ä~ñáÉë=~ééÉ~ê=íç=ÄÉ=ãçîáåÖ=~é~êíX

• Ä~ÅâÖêçìåÇ= ãáÅêçï~îÉ= ê~Çá~íáçå= Ñêçã= ÉîÉêó= ÇáêÉÅíáçå
áå=ëé~ÅÉX

• êÉÇ=ëÜáÑí=çÑ=Éãáëëáçå=ëéÉÅíêìãX

• ëí~êíÉÇ=ïáíÜ=ÉñéäçëáçåX P

qçí~ä=NR=ã~êâë

qlq^i=j^oh=VM



NRQMKQe
«OMMM=babu`bi
qÜáë=éìÄäáÅ~íáçå=ã~ó=çåäó=ÄÉ=êÉéêçÇìÅÉÇ=áå=~ÅÅçêÇ~åÅÉ=ïáíÜ=babu`bi=éçäáÅóK

87

póää~Äìë=NRQM

mÜóëáÅë=^

péÉÅáãÉå=m~éÉê=Qe

j^oh=p`ebjb

cáêëí=bñ~ãáå~íáçå=pìããÉê=OMMP
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rpfkd=qeb=j^oh=p`ebjb

NK qÜáë=ã~êâ=ëÅÜÉãÉ=ÖáîÉë=óçìX G=~å=áÇÉ~=çÑ=íÜÉ=íóéÉ=çÑ=êÉëéçåëÉ=ÉñéÉÅíÉÇ
G=Üçï=áåÇáîáÇì~ä=ã~êâë=~êÉ=íç=ÄÉ=~ï~êÇÉÇ
G=íÜÉ=íçí~ä=ã~êâ=Ñçê=É~ÅÜ=èìÉëíáçå
G=Éñ~ãéäÉë=çÑ=êÉëéçåëÉë=íÜ~í=ëÜçìäÇ=åçí=êÉÅÉáîÉ=ÅêÉÇáíK

OK X=ëÉé~ê~íÉë=éçáåíë=Ñçê=íÜÉ=~ï~êÇ=çÑ=É~ÅÜ=ã~êâK

PK L=ãÉ~åë=íÜ~í=íÜÉ=êÉëéçåëÉë=~êÉ=~äíÉêå~íáîÉë=~åÇ=ÉáíÜÉê=~åëïÉê=ëÜçìäÇ=êÉÅÉáîÉ=Ñìää=ÅêÉÇáíK

QK E= F= ãÉ~åë= íÜ~í= ~= éÜê~ëÉLïçêÇ= áë= åçí= ÉëëÉåíá~ä= Ñçê= íÜÉ= ~ï~êÇ= çÑ= íÜÉ= ã~êâ= Äìí= ÜÉäéë= íÜÉ
Éñ~ãáåÉê=íç=ÖÉí=íÜÉ=ëÉåëÉ=çÑ=íÜÉ=ÉñéÉÅíÉÇ=~åëïÉêK

RK mÜê~ëÉëLïçêÇë= áå=ÄçäÇ= áåÇáÅ~íÉ= íÜ~í= íÜÉ=ãÉ~åáåÖ= çÑ= íÜÉ= éÜê~ëÉLïçêÇ= áë=ÉëëÉåíá~ä= íç= íÜÉ
~åëïÉêK

SK ltqqb=Eçê=ïçêÇë=íç=íÜ~í=ÉÑÑÉÅíF=~åÇ=Éè=EÉèìáî~äÉåíF=áåÇáÅ~íÉ=íÜ~í=î~äáÇ=~äíÉêå~íáîÉ=~åëïÉêë
EïÜáÅÜ=Ü~îÉ=åçí=ÄÉÉå=ëéÉÅáÑáÉÇF=~êÉ=~ÅÅÉéí~ÄäÉK

TK ÚfÖåçêÉÛ=ãÉ~åë= íÜ~í= íÜáë= ~åëïÉê= áë= åçí= ïçêíÜ= ~=ã~êâ= Äìí= ÇçÉë= åçí= åÉÖ~íÉ= ~å= ~ÇÇáíáçå~ä
ÅçêêÉÅí=êÉëéçåëÉK

UK ÚoÉàÉÅíÛ=ãÉ~åë= íÜ~í= íÜÉ= ~åëïÉê= áë=ïêçåÖ= ~åÇ=åÉÖ~íÉë= ~åó= ~ÇÇáíáçå~ä= ÅçêêÉÅí= êÉëéçåëÉ= Ñçê
íÜ~í=ëéÉÅáÑáÅ=ã~êâK

VK lo^=Eçê=êÉîÉêëÉ=~êÖìãÉåíF=áåÇáÅ~íÉë=íÜ~í=íÜÉ=ÅçãéäÉíÉ=êÉîÉêëÉ=áë=~äëç=î~äáÇ=Ñçê=íÜÉ=~ï~êÇ=çÑ
ã~êâëK

NMK ÉÅÑ=EÉêêçê=Å~êêáÉÇ=Ñçêï~êÇF=ãÉ~åë=íÜ~í=~=ïêçåÖ=~åëïÉê=ÖáîÉå=áå=~å=É~êäáÉê=é~êí=çÑ=~=èìÉëíáçå
áë=ìëÉÇ=ÅçêêÉÅíäó=áå=~åëïÉê=íç=~=ä~íÉê=é~êí=çÑ=íÜÉ=ë~ãÉ=èìÉëíáçåK

j^ohfkd

NK vçì=ãìëí=ÖáîÉ=~=íáÅâ=Eáå=êÉÇF=Ñçê=ÉîÉêó=ã~êâ=~ï~êÇÉÇK==qÜÉ=íáÅâ=ãìëí=ÄÉ=éä~ÅÉÇ=çå=íÜÉ=ëÅêáéí
ÅäçëÉ= íç= íÜÉ= ~åëïÉêK= = qÜÉ=ã~êâ= ~ï~êÇÉÇ= Ñçê= é~êí= çÑ= ~= èìÉëíáçå= ëÜçìäÇ= ÄÉ= ïêáííÉå= áå= íÜÉ
ã~êÖáå=ÅäçëÉ=íç=íÜÉ=ëìÄJíçí~äK

OK qÜÉ=ëìÄJíçí~ä=ã~êâë=Ñçê=~=èìÉëíáçå=ëÜçìäÇ=ÄÉ=~ÇÇÉÇ=íçÖÉíÜÉê=~åÇ=íÜÉ=íçí~ä=ã~êâ=ïêáííÉå=~åÇ
êáåÖÉÇ=~í=íÜÉ=ÉåÇ=çÑ=íÜÉ=èìÉëíáçå=íÜÉå=íê~åëÑÉêêÉÇ=íç=íÜÉ=Ñêçåí=çÑ=íÜÉ=ëÅêáéíK

PK pìÖÖÉëíáçåLÉñéä~å~íáçå= èìÉëíáçåë= ëÜçìäÇ= ÄÉ=ã~êâÉÇ= ÅçêêÉÅí= ÉîÉå=ïÜÉå= íÜÉ= ëìÖÖÉëíáçå= áë
Åçåí~áåÉÇ=ïáíÜáå=íÜÉ=Éñéä~å~íáçåK

QK aç=åçí=~ï~êÇ=ã~êâë=Ñçê=êÉéÉíáíáçå=çÑ=íÜÉ=ëíÉã=çÑ=íÜÉ=èìÉëíáçåK

RK j~âÉ=ëìêÉ=íÜ~í=íÜÉ=~åëïÉê=ã~âÉë=ëÉåëÉK==aç=åçí=ÖáîÉ=ÅêÉÇáí=Ñçê=ÅçêêÉÅí=ïçêÇëLéÜê~ëÉë=ïÜáÅÜ
~êÉ=éìí=íçÖÉíÜÉê=áå=~=ãÉ~åáåÖäÉëë=ã~ååÉêK==^åëïÉêë=ãìëí=ÄÉ=áå=íÜÉ=ÅçêêÉÅí=ëÅáÉåíáÑáÅ=ÅçåíÉñíK

^jmifcf`^qflk

NK få=Å~äÅìä~íáçåëI=Ñìää=ÅêÉÇáí=ãìëí=ÄÉ=ÖáîÉå=Ñçê=~=Ä~äÇI=ÅçêêÉÅí=~åëïÉêK==fÑ=~=åìãÉêáÅ~ä=~åëïÉê=áë
áåÅçêêÉÅíI=äççâ=~í=íÜÉ=ïçêâáåÖ=~åÇ=~ï~êÇ=ã~êâë=~ÅÅçêÇáåÖ=íç=íÜÉ=ã~êâ=ëÅÜÉãÉK

OK `çåëÉèìÉåíá~ä=ã~êâáåÖ=ëÜçìäÇ=ÄÉ=ìëÉÇ=áå=Å~äÅìä~íáçåëK==qÜáë=áë=ïÜÉêÉ=~=Å~åÇáÇ~íÉDë=ïçêâáåÖ
áë= ÅçêêÉÅí= Äìí= áë= Ä~ëÉÇ= ìéçå= ~= éêÉîáçìë= ÉêêçêK= = tÜÉå= ÅçåëÉèìÉåíá~ä= ã~êâë= Ü~îÉ= ÄÉÉå
~ï~êÇÉÇ=ïêáíÉ=?ÉÅÑ?=åÉñí=íç=íÜÉ=íáÅâëK

PK fÑ= Å~åÇáÇ~íÉë= ìëÉ= íÜÉ=ãçäÉ= áå= Å~äÅìä~íáçåë= íÜÉó=ãìëí= ÄÉ= ~ï~êÇÉÇ= Ñìää=ã~êâë= Ñçê= ~= ÅçêêÉÅí
~åëïÉê=ÉîÉå=íÜçìÖÜ=íÜÉ=íÉêã=ã~ó=åçí=ÄÉ=çå=íÜÉ=ëóää~Äìë=~í=íÜÉáê=äÉîÉäK

QK fÑ=Å~åÇáÇ~íÉë=ìëÉ=ÅÜÉãáÅ~ä=Ñçêãìä~É=áåëíÉ~Ç=çÑ=ÅÜÉãáÅ~ä=å~ãÉëI=ÅêÉÇáí=Å~å=çåäó=ÄÉ=ÖáîÉå=áÑ=íÜÉ
Ñçêãìä~É=~êÉ=ÅçêêÉÅíK

nr^ifqv=lc=tofqqbk=`ljjrkf`^qflk

qÜáë=äçÖç=áåÇáÅ~íÉë=ïÜÉêÉ=ëíìÇÉåíë=ïáää=ÄÉ=~ëëÉëëÉÇ=çå=íÜÉáê=~Äáäáíó=íçW

• éêÉëÉåí=êÉäÉî~åí=áåÑçêã~íáçå=áå=~=Ñçêã=íÜ~í=ëìáíë=áíë=éìêéçëÉ

• ÉåëìêÉ=íÜ~í=ëéÉääáåÖI=éìåÅíì~íáçå=~åÇ=Öê~ãã~ê=~êÉ=~ÅÅìê~íÉI=ëç=íÜ~í=íÜÉ=ãÉ~åáåÖ=áë
ÅäÉ~ê

• ìëÉ=~=ëìáí~ÄäÉ=ëíêìÅíìêÉ=~åÇ=ëíóäÉ=çÑ=ïêáíáåÖK
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NK E~F EáF ^å=Éñéä~å~íáçå=íç=áåÅäìÇÉW

• Å~ÄäÉ=Ü~ë=ÉäÉÅíêáÅ~ä=êÉëáëí~åÅÉX

• ÉåÉêÖó=äçëí=~ë=ÜÉ~íX O

EááF íç=êÉéä~ÅÉ=äçëí=ÉåÉêÖóLÄççëí=íÜÉ=ëáÖå~äLáåÅêÉ~ëÉ=~ãéäáíìÇÉX =N

EáááF åçáëÉX =N

EÄF EáF ÇáÖáí~äX =N

EááF ^å=Éñéä~å~íáçå=íç=áåÅäìÇÉW

• îÉêó=ëÜçêí=íáãÉ=áåíÉêî~ä=ÄÉíïÉÉå=éìäëÉëX

• äçíë=Å~å=ÄÉ=éä~ÅÉÇ=ÅäçëÉ=íçÖÉíÜÉêX

O

EÅF äçìÇëéÉ~âÉêX =N

qçí~ä=U=ã~êâë

OK E~F ëâó=ï~îÉëX
ëé~ÅÉ=ï~îÉëX O

EÄF ÇáÑÑê~ÅíáçåX N

EÅF î=Z=Ñ=×=λX
P=×=NMU

=Z=SPV=×=ÑX
QSVX
âeòX Q

EÇF EáF ÑÉï=EáÑ=~åóF=ÜçìëÉÜçäÇë=Ü~Ç=ê~ÇáçëL
É~êäó=Ç~óë=çÑ=áçåçëéÜÉêáÅ=êÉëÉ~êÅÜX N

EááF Ö~íÜÉê=ãçêÉ=ÉîáÇÉåÅÉLÇ~í~L
éìÄäáÅáëÉ=íÜÉáê=êÉëÉ~êÅÜLáåëíáíìíáçåX N

EáááF ä~åÖì~ÖÉLÅçåíÉåí=íçç=ÇáÑÑáÅìäíLíÉÅÜåáÅ~ä=Ñçê=åçåJëÅáÉåíáëíëL
ã~ó=éìí=éÉçéäÉ=çÑÑ=ÜÉäéáåÖX N

qçí~ä=NM=ã~êâë

PK E~F EáF ^å=Éñéä~å~íáçå=íç=áåÅäìÇÉW

• é~êíáÅäÉë=ãçîáåÖX

• Åçääáëáçåë=ïáíÜ=ï~ääëLÜáííáåÖ=ï~ääëX

• ÑçêÅÉ=éêçÇìÅÉÇX
éäìë= N= ÅçããìåáÅ~íáçå= ã~êâ= Ñçê= ÉåëìêáåÖ= íÜ~í= ëéÉääáåÖI
éìåÅíì~íáçå=~åÇ=Öê~ãã~ê=~êÉ=~ÅÅìê~íÉI=ëç=íÜ~í=íÜÉ=ãÉ~åáåÖ
áë=ÅäÉ~êX Q

EááF ^å=Éñéä~å~íáçå=íç=áåÅäìÇÉW

• ãçêÉ=ÅçääáëáçåëX

• ãçêÉ=é~êíáÅäÉë=éêÉëÉåíX O
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EÄF EáF ^å=Éñéä~å~íáçå=íç=áåÅäìÇÉW

• åçí=ãçîáåÖL~ää=Ö~ëÉë=áå=ëçäáÇ=ëí~íÉX

• åç=hKbKX O

EááF âÉäîáåX =N

EáááF EHFPTPEhF N

qçí~ä=NM=ã~êâë

QK E~F EáF ^å=Éñéä~å~íáçå=íç=áåÅäìÇÉW
NK=~ÅíáîÉ Ó=~Åíë=çå=êÉÅÉáîÉÇ=ëáÖå~äL

===éêçÇìÅÉë=~=ÅÜ~åÖÉX
OK=é~ëëáîÉ Ó=ÇçÉë=åçí=ÅÜ~åÖÉ=áíLàìëí=êÉÑäÉÅíë=áíëX

O

EááF ëé~ÅÉ=ï~îÉëLsecX =N

EáááF ^å=Éñéä~å~íáçå=íç=áåÅäìÇÉ=íïç=ÑêçãW

• Öê~îáí~íáçå~ä=éìääX

• âÉÉéë=ë~íÉääáíÉ=áå=çêÄáíX

• êÉëéçåëáÄäÉ=Ñçê=áíë=ÅÜ~åÖáåÖ=ÇáêÉÅíáçåX O

EáîF ^å==Éñéä~å~íáçå=íç=áåÅäìÇÉ=íÜêÉÉ=çÑW

• ~ë=áí=ëäçïëL~ë=ëéÉÉÇ=ÇÉÅêÉ~ëÉëI=Çê~ïå=áåï~êÇëX

• b~êíÜ=éêçîáÇÉë=ÅÉåíêáéÉí~ä=ÑçêÅÉLéìääX

• ÑêáÅíáçå=ïáíÜ=~íãçëéÜÉêÉL~áê=é~êíáÅäÉë=Üáí=ë~íÉääáíÉX

• hb= ======ÜÉ~í=ÉåÉêÖóX
P

EÄF EáF ^å=Éñéä~å~íáçå=íç=áåÅäìÇÉW

• ï~îÉ=ÇáÑÑê~ÅíÉÇ=LëéêÉ~Ç=çìí=Äó=ÇáëÜX

• ï~îÉäÉåÖíÜ=íç=ÇáëÜ=ëáòÉ=ê~íáç=ÇÉíÉêãáåÉë=~ãçìåí=çÑ
ÇáÑÑê~ÅíáçåLëéêÉ~ÇáåÖX

• äÉëë=ÉåÉêÖó=éÉê=ã
O
=áÑ=ëéêÉ~Ç=çìíX P

EááF ~ííÉåì~íáçåX N

qçí~ä=NP=ã~êâë

RK E~F EáF αJé~êíáÅäÉ=ëÅ~ííÉêáåÖLoìíÜÉêÑçêÇLdÉáÖÉê=j~êëÇÉå=ÉñéíKX N

EááF ^å=çìíäáåÉ=íç=áåÅäìÇÉW

• α=é~êíáÅäÉë=ÑáêÉÇ=~í=ÖçäÇ=ÑçáäX
• ~åÖäÉë=çÑ=ëÅ~ííÉê=ãÉ~ëìêÉÇX

• ~=ÑÉï=ëÅ~ííÉêÉÇ=íÜêçìÖÜ=ä~êÖÉ=~åÖäÉëX
éäìë= N= ÅçããìåáÅ~íáçå= ã~êâ= Ñçê= ìëáåÖ= ~= ëìáí~ÄäÉ
ëíêìÅíìêÉ=~åÇ=ëíóäÉ=çÑ=ïêáíáåÖX Q
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EáááF ^å=Éñéä~å~íáçå=íç=áåÅäìÇÉW

• Å~ååçí=ÄÉ=ÇáîáÇÉÇL=ÄêçâÉå=Ççïå=ÑìêíÜÉêX

• ÉäÉÅíêçåëX =O

EÄF EáF ^=ëìÖÖÉëíáçå=íç=áåÅäìÇÉW

• åÉìíêçåë=Ü~îÉ=åç=ÅÜ~êÖÉLÅ~ååçí=ÄÉ=ÇÉÑäÉÅíÉÇ=Äó=bL_
ÑáÉäÇëX

• EÇáÑÑáÅìäí=íç=ÇÉíÉÅíF=íê~îÉä=íÜçìÖÜ=ã~ííÉê=É~ëáäóX

=O

EááF éêçíçåë=~åÇ=åÉìíêçåë=Åçåí~áå=P=èì~êâëX
ÇáÑÑÉêÉåí=ÅçãÄáå~íáçåë=çÑ=ìé=~åÇ=Ççïå=èì~êâëX O

qçí~ä=NN=ã~êâë

SK E~F EáF íÜÉêãáçåáÅ=ÉãáëëáçåX N

EááF ÅìêêÉåí=ãÉ~ëìêÉÇLêÉÅçêÇÉÇX N

EáááF báíÜÉê

SÉsXX
çê

S=gL`=×=NKS=×=NM−NV
=`X

VKS=×=NM−NV
=gX O

EÄF EáF RKU=ã^X N

EááF ÅìêêÉåí=Z=S=×=NM−P
=^X

åçK=çÑ=ÉäÉÅíêçåë=Z= ;=
NMNKS

NMS

NV

P

−

−

×
×

==Z=PKTR=×=NMNS
X

P

EáááF ãçêÉ=ÉäÉÅíêçåë=~î~áä~ÄäÉLÖ~ë=~íçãë=áçåáëÉÇL
ÉäÉÅíêçåë=êÉãçîÉÇ=Ñêçã=Ö~ë=~íçãëX N

qçí~ä=V=ã~êâë

qlq^i=j^ohp=SM
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^ëëÉëëãÉåí=lÄàÉÅíáîÉ qçí~ä

j~êâ

iÉîÉä=çÑ

ÇÉã~åÇ

pçÅbbq

~ëéÉÅíë

^lN

h=C=r

bñíÉåÇÉÇ=mêçëÉ

RN=Ó=SO

^lO ^lP

içï pí~åÇK

oÉÅ~ää líÜÉê ^ééäáÅå fåîKpÅK dJb aJ`

pÜçêí

~åëKL

lÄàÉÅíK

bèìå

C

`~äÅåK

Z=O [=O `çããK

n péÉÅKoÉÑK

NTJON PQJQN OUJPV MJR VM QRJRQ PSJQR ✔✔✔✔ ≤≤≤≤SM ëÉÉ`n` úNU úR úP

NE~F mQKMN N N N

EÄF mQKMN P P P

EÅF mQKMN N N N

EÇF mQKMN N N T O O

OE~F mNKMULNKNQ O O O S Q O

EÄF mNKNN N N U O O

PE~F mOKMVLNM O N O R Q N

EÄF mOKMU Q V Q Q

QE~F mNKOPLOQLOR Q Q Q

EÄF mNKOS N N O U Q O O

RE~F mOKNU O N P P

EÄF mOKNU O O O

EÅF mOKMTLMU O N U P P

SE~F mRKNQ Q O S P P

EÄF mRKMO N N U O O

TE~F mRKMS O N P O N

EÄF mRKMS Q Q Q

EÅF mRKMS O N NM P O N

UE~F mSKMOLMP O O Q O O

EÄF mSKMRLNP N Q O NN T S N
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^ëëÉëëãÉåí=lÄàÉÅíáîÉ

^lN

iÉîÉä=çÑ

ÇÉã~åÇ

h=C=r

bñíÉåÇÉÇ=mêçëÉ

RN=Ó=SO

^lO ^lP

içï pí~åÇK

oÉÅ~ää líÜÉê ^ééäáÅå fåîKpÅK

qçí~ä

j~êâ

dJb aJ`

pçÅbbq

~ëéÉÅíë

pÜçêí

~åëKL

lÄàÉÅíK

bèìå

C

`~äÅåK

Z=O [=O `çããK

n péÉÅKoÉÑK

NTJON PQJQN OUJPV MJR VM QRJRQ PSJQR ✔✔✔✔ ≤≤≤≤SM ëÉÉ`n` úNU úR úP

VE~F mPKOO O O O

EÄF mPKMR Q Q U U

EÅF mPKMULOMLOO P NP P P

NME~F mPKNT N O N Q O O

EÄF mPKNU N N O O

EÅF mRKMO O U O O

qçí~ä NU QQ OU VM QU QO QQ NS NU V P
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^ëëÉëëãÉåí=lÄàÉÅíáîÉ

^lN

iÉîÉä=çÑ

ÇÉã~åÇ

h=C=r

bñíÉåÇÉÇ=mêçëÉ

PQ=Ó=QN

^lO ^lP

içï pí~åÇK

oÉÅ~ää líÜÉê ^ééäáÅå fåîKpÅK

qçí~ä

j~êâ

dJb aJ`

pçÅbbq

~ëéÉÅíë

pÜçêí

~åëKL

lÄàÉÅíK

bèìå

C

`~äÅåK

Z=O [=O `çããK

n péÉÅKoÉÑK

NNJNQ OOJOT NVJOS MJP SM PMJPS OQJPM ✔✔✔✔ ≤≤≤≤=QM ëÉÉ`n` úNO úP úO

NE~F mTKMNLUKMN Q Q Q

EÄF mTKMP R V R R

OE~F mTKON N N N

EÄF mTKONLOO O P R R

EÅF mTKONLOP O O O

EÇF mTKOQLQKMP Q NO O O P N

PE~F mUKOULUKOV N Q R R

EÄF mUKOV P P P

EÅF mUKPOLPP O N NN P P

QE~F mTKMPLMULMV O O Q O O

EÄF mTKMR N O P N O

EÅF mTKMT N U N N

RE~F mTKNP O O O

EÄF mTKNR N N N

EÅF mTKNT N P Q Q

EÇF mTKNQ P NM P P

SE~F mUKMR P P S O P N

EÄF mUKMOLMPLMQ O O NM Q O O

qçí~ä NR OQ ON SM PM PM QM Q U S O
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^ëëÉëëãÉåí=lÄàÉÅíáîÉ

^lN

iÉîÉä=çÑ

ÇÉã~åÇ

h=C=r

bñíÉåÇÉÇ=mêçëÉ

RN=Ó=SO

^lO ^lP

pí~åÇK eáÖÜ

oÉÅ~ää líÜÉê ^ééäáÅå fåîKpÅK

qçí~ä

j~êâ

aJ` _J^G

pçÅbbq

~ëéÉÅíë

pÜçêí

~åëKL

lÄàÉÅíK

bèìå

C

`~äÅåK

Z=O [=O `çããK

n péÉÅKoÉÑK

NTJON PQJQN OUJPV MJR VM PSJQR QRJRQ ✔✔✔✔ ≤≤≤≤=SM ëÉÉ`n` úNQ úV úP

NE~F mRKMS O N P O N

EÄF mRKMS Q Q Q

EÅF mRKMS O N NM P O N

OE~F mSKMOLMP O O Q O O

EÄF mSKMRLNP N Q O NN T S N

PE~F mPKOO O O O

EÄF mPKMR Q Q U U

EÅF mPKMULOMLOO P NP P P

QE~F mPKNT N O N Q O O

EÄF mPKNU N N O O

EÅF mRKMO O U O O

RE~F mNKNMLPNLPO P P P

EÄF mNKPOLPQ N O O R P O

EÅF mNKPOLRKNR O NM O O

SE~F mNKOM N O P P

EÄF mNKNULON P S NO V V

TE~F mOKNN N O P P

EÄF mOKMV N N O O

EÅF mOKNQ O O Q P N

EÇF mOKNM O NN O O

UE~F mPKNOLNP P N Q O O

EÄF mQKMS Q Q Q

EÅF mQKMT Q Q P N

EÇF mQKMV P NR P P

qçí~ä OM PU PO VM QO QU OO OU ON NR Q
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Syll. No. 1540 Paper 4H Higher Tier

Maximum mark for Paper 60 Page 1 of 1

YEAR of EXAM 2003 Post Revision Draft Date 7 November 2000

^ëëÉëëãÉåí=lÄàÉÅíáîÉ

^lN

iÉîÉä=çÑ

ÇÉã~åÇ

h=C=r

bñíÉåÇÉÇ=mêçëÉ

PQ=Ó=QN

^lO ^lP

pí~åÇK eáÖÜK

oÉÅ~ää líÜÉê ^ééäáÅå fåîKpÅK

qçí~ä

j~êâ

`Ja _J^G

pçÅbbq

~ëéÉÅíë

pÜçêí

~åëKL

lÄàÉÅíK

bèìå

C

`~äÅåK

Z=O [=O `çããK

n péÉÅKoÉÑK

NNJNQ OOJOT NVJOS MJP SM OQJPM PMJPS ✔✔✔✔ ≤≤≤≤=QM ëÉÉ`n` úV úS úO

NE~F mTKMPLULV O O Q O O

EÄF mTKMR N O P N O

EÅF mTKMT N U N N

OE~F mTKNP O O O

EÄF mTKNR N N N

EÅF mTKNT N P Q Q

EÇF mTKNQ P NM P P

PE~F mUKMR P P S O P N

EÄF mUKMOLPLQ O O NM Q O

QE~F mQKMPLTKNPLNVL

OQLOR
N T N T N Q P

EÄF mPKMULTKMULNRL

NS
N P NO Q N P

RE~F mUKMULMVLOQLOR O P O T N O P N

EÄF mSKMOLUKORLOT Q NN Q Q

SE~F mUKOULOVLPM N N O Q O O

EÄF mUKPN N Q V N Q N Q

qçí~ä NR OR OM SM PM PM NU NM NU NO O
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cìêíÜÉê=ÅçéáÉë=çÑ=íÜáë=éìÄäáÅ~íáçå=~êÉ=~î~áä~ÄäÉ=Ñêçã

bÇÉñÅÉä=mìÄäáÅ~íáçåëI=^Ç~ãëï~óI=j~åëÑáÉäÇI=kçííëI=kdNU=Qck

qÉäÉéÜçåÉ=MNSOP=QSTQST

c~ñ=MNSOP=QRMQUN

lêÇÉê=`çÇÉ==rd==MMVPRU

^ìíìãå=OMMM

cçê=ãçêÉ=áåÑçêã~íáçå=çå=bÇÉñÅÉä=èì~äáÑáÅ~íáçåë=éäÉ~ëÉ=Åçåí~Åí=çìê

`ìëíçãÉê=oÉëéçåëÉ=`ÉåíêÉ=çå=MUTM=OQM=VUMM

çê=Éã~áäW=ÉåèìáêáÉë]ÉÇÉñÅÉäKçêÖKìâ

çê=îáëáí=çìê=ïÉÄëáíÉW=ïïïKÉÇÉñÅÉäKçêÖKìâ

bÇÉñÅÉä=cçìåÇ~íáçå=áë=~=êÉÖáëíÉêÉÇ=ÅÜ~êáíó=~åÇ=~=Åçãé~åó=äáãáíÉÇ

Äó=Öì~ê~åíÉÉK=oÉÖáëíÉêÉÇ=áå=båÖä~åÇ=kçK=NSUSNSQ
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