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A mistake which sends a massive amount of power to the 
wrong 
failure.
transistors and electrolytic capacitors in the circuit literally 
exploding. There is not just the cost of replacement parts to 
worry about - there is also the safety aspect to consider.

Any audio power amplifier having an output power of a 
few watts or more tends to be operated close to the point at 
which it self-destructs due to overheating, excessive current 
flows, or whatever. High power designs almost invariably have 
to take components very close indeed to their maximum 
ratings. Even given that manufacturers normally play safe on 
most ratings, leaving generous margins above the published 
figures, trying to take the designs featured in this book beyond 
their specified power ratings is not a good idea. It could easily 
lead to the immediate failure of the equipment, and even if the 
equipment should survive in the short term, its medium to 
long term reliability would probably not be very good. You 
have been warned!

To avoid costly errors, check and double check everything 
before connecting one of these amplifier circuits to a power 
supply. Although many electronic project constructors oper­
ate a policy of connecting things up and switching them on 
first, followed by checking only if problems arise, this is 
definitely not an acceptable practice in the current context. 
You might have destroyed every semiconductor in the circuit 
by the time you get around to checking for errors! Check 
everything thoroughly first 
amplifiers second.

Ideally, when the circuits are initially tested they should be 
powered from a lower than normal supply voltage. A bench 
power supply having built-in current limiting is probably the 
best power source for this initial testing. Apart from being 
able to provide a lower and safer supply voltage, the current 
limiting will protect the circuit against drawing really high 
power levels. This should ensure that there are no “zapped” 
semiconductors if there is a fault of some kind in the circuit. 
If no suitable power supply is available, perhaps the mains 
transformer in the amplifier’s normal power supply will have 
one or more tappings that will enable it to provide a reduced

part of a circuit will inevitably cause a spectacular 
Get things wrong and you could easily have the

switch on and try out the
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costly or even dangerous.
Some audio enthusiasts apparently use a system of placing 

the two bare output leads in their mouth in order to deter­
mine whether or not a signal is coming down the cable 
correctly. This simple test procedure will normally produce a 
strong tingling sensation if all is well. With a high power 
amplifier it would probably result in a trip to the nearest 
casualty unit for treatment! Remember that with high power 
amplifiers there can be well over one hundred volts peak to 
peak coming down the loudspeaker cable, not the few volts 
peak to peak associated with low to medium power amplifiers.

-

�
Loudspeaker Matching
Transistors are essentially low voltage devices. Most types will 
only operate reliably at potentials of about 30 volts or less. 
Special types can operate at much higher voltages than these, 
and for high power audio use it is necessary to resort to these 
high voltage devices. For a given loudspeaker impedance, the 
higher the output power required, the higher the drive voltage 
must be. For a standard 8 ohm impedance loudspeaker, the 
required drive voltage becomes surprisingly large at high 
powers. This table lists some output powers, together with 
the approximate r.m.s. and peak to peak drive voltages 
required for each one.

������  �����  
1 watt 
5 watts 

10 watts 
50 watts 

100 watts 
300 watts 
500 watts

� ���  
2.82V 
6.32V 
8.94 V

�
��
17.83V
25.22V
56.6V20V

28.28V
48.98V
63.2V

80V
138.15V
178.7V

At 10 watts r.m.s. the peak to peak drive voltage is quite 
reasonable at only about 25 volts. Most transistors, especially 
power types, are capable of handling voltages of this order. At 
50 watts r.m.s. matters are more difficult, with a peak to peak 
drive level of about 56 volts needed. There are relatively few 
linear semiconductors that will operate reliably at voltages as
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high as this, and at higher powers the situation gets steadily 
worse. Something not too far short of 200 volts peak to peak 
is needed in order to give 500 watts r.m.s. into an 8-ohm 
impedance loudspeaker.

The situation is actually somewhat worse than these figures 
would suggest. No transistor output stage is capable of pro­
ducing a peak to peak output voltage that is equal to the 
supply voltage. The efficiency in this respect varies substan­
tially from one design to another, but at the high currents 
involved in this application, the voltage drops across power 
transistors are generally quite high. With bipolar transistors 
the discrepancy between the supply voltage and the peak to 
peak output potential could easily be 10% or more. Losses 
are generally higher with power f.e.t. devices, which tend to 
have higher minimum “on" resistances than would be ideal. 
With these it is not uncommon to have a peak to peak output 
level that is around 20% less than the supply voltage.

Another factor to bear in mind is that most high power 
audio amplifiers are not fed from stabilised power supplies. 
Ideally I suppose they would be. but in practice there is the 
high cost of the stabiliser circuit to consider. As yet, inexpen­
sive monolithic voltage regulators are not capable of handling 
the kinds of supply voltages and currents involved in high 
power audio applications. Also, a stabilised supply results in a 
certain amount of wasted power, which has to be compensated 
for by using a higher voltage mains transformer. In addition to 
the extra cost, this also gives increased size and weight. 
Although a stabilised supply has potential advantages, these 
are normally outweighed by the increased cost, bulk, and 
complexity.

The drawback of a non-stabilised supply is that there can 
be a vast difference between the loaded and unloaded output 
voltages. A drop of 30% or so from zero load to full load 
would by no means be exceptional. This problem can be 
eased by using a mains transformer of generous current rating, 
but this obviously increases the bulk and cost of the power 
supply to some extent.

The practical result of all this is that where an output 
power rating requires a peak to peak output level of (say) 100 
volts, the loaded supply voltage might need to be more like
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115 volts, and the unloaded supply could well be as high as 
150 volts. To guarantee safe operation, some of the transis­
tors in the amplifier would need to have maximum voltage 
ratings of around this 150 volt level, not the 100 volts 
suggested by the peak to peak output potential.

��"��  �� #  �$!�# �%�
One approach to high power audio design is to simply use 
suitably high supply voltages, together with semiconductors 
having adequate voltage ratings. Power field effect transistors 
having voltage ratings of around 120 volts to 200 volts are now 
readily available. These can handle quite high powers of 
about 100 watts per device, and currents of up to about 7 to 8 
amps. These can obviously be used to provide quite high 
output powers when used in conventional class B output 
stages. Matching high voltage driver transistors are available 
for these output transistors.

High voltage bipolar power transistors are also available. 
Although the ubiquitous 2N3055 is quite popular for audio 
power amplifier designs, for genuine high power circuits its 
collector to emitter voltage rating of 60 volts is something of a 
limitation. Although it is often referred to as a 100 volt 
transistor, it is only the collector to base rating that is 100 
volts. Devices such as the 2N3773/2N6609 complementary 
pair offer greater scope. These have collector to emitter 
voltage ratings of 140 volts, collector current ratings of 16 
amps, and power ratings of 150 watts.

It can be difficult to obtain really high output powers 
even with the aid of these “mega" output devices. It is often 
voltage rather than current ratings that arc the limiting factor, 
and the most simple solution is then to use a lower load 
impedance. Halving the load impedance from 8 to 4 ohms 
gives double the current flow, and double the output power 
(provided the power supply, etc., have suitable ratings). An 
output power of 300 watts requires about 138 volts peak to 
peak into 8 ohms, which would probably dictate an unloaded 
supply voltage in excess of 200 volts (but possibly a little less). 
For 300 watts r.m.s. into a 4-ohm impedance the required 
peak to peak voltage is about 97 volts. This would require an 
unloaded supply voltage of only about 140 volts or so.

:





quite modest supply voltages. This approach is sometimes 
used in order to get reasonably high output powers from 
“transformerless” public address amplifiers which operate on 
12-volt batteries.

A bridge amplifier is basically just two power amplifiers 
driving a single loudspeaker. The arrangement used is outlined 
in the block diagram of Figure 1.1. Simply driving the two 
power amplifiers from the same signal, and connecting the 
loudspeaker from across the two non-earth outputs of the 
amplifiers, does not provide the desired result. This gives 
two identical signals across the loudspeaker, as in Figure 1.2. 
The voltage difference across the outputs of the amplifiers is 
zero, and no output current flows.

What is needed is anti-phase output signals, as in Figure 1.3. 
As one signal reaches its peak negative voltage, the other 
reaches its peak positive potential, and vice versa. For the sake 
of this example, assume that each output is producing 20 volts 
peak to peak. Each output is therefore going to maximum 
positive and negative values of 10 volts. When one output is 
10 volts positive, the other is 10 volts negative. This gives a 
total of 20 volts across the loudspeaker. Haifa cycle later the 
signals have swapped states, and there is again one output at 
plus 10 volts and one at minus 10 volts. This gives 20 volts 
across the loudspeaker once more, but this time it has the 
opposite polarity. With first 20 volts of one polarity, and then
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20 volts of the opposite polarity across the loudspeaker, this 
gives a total peak to peak value of 40 volts.

Using a bridge circuit it is theoretically possible to obtain a 
peak to peak output voltage that is double the supply voltage. 
This is not possible using current output devices, but it is 
certainly possible to obtain peak to peak output potentials 
that are well in excess of the supply voltage. The output level 
is roughly double that of a single-ended power amplifier. In 
terms of output power this actually means that something 
like four times the normal output power for a given supply 
voltage and loudspeaker impedance can be achieved using a 
bridge circuit. Remember that doubling the output voltage 
also doubles the output current, and that power is equal to 
voltage multiplied by current. Doubling both the output 
voltage and the output current therefore gives a quadrupling 
of the output power.

Using a bridge circuit it is clearly possible to obtain quite 
high output powers without having to resort to either a high 
supply voltage or extremely low load impedances. As we 
have already seen, for 100 watts r.m.s. into an 8-ohm imped­
ance loudspeaker some 28.28 volts r.m.s., or 80 volts peak to 
peak is required. Using a single-ended transformerless output 
stage this dictates a supply voltage of at least 80 volts, and 
what in practice is likely to be an unloaded supply voltage of 
130 volts or so. A bridge circuit could achieve the same out­
put power from a supply potential of at least 40 volts, and 
what in practice would probably be an unloaded supply 
voltage of about 65 volts or so. This is clearly much more 
manageable, although it must be borne in mind that the 
reduced supply voltage is gained at the expense of greatly 
increased supply current. However, with semiconductor 
circuits it is generally easier to provide high currents than it 
is to provide high voltages.

Although a bridge circuit may seem to be an ideal solu­
tion to providing high output powers without having resort 
to high supply voltages, this system does have one or two 
slight drawbacks. A minor one is that with this type of 
circuit it is generally a little more difficult to obtain good 
stability than it is with single-ended designs. The probable 
cause of this is the fact that the input must be in-phase with
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one of the outputs. This can easily lead to problems with 
instability due to stray feedback, it is not usually too difficult 
to obtain good stability though, and this is not a major 
drawback.

Something that does tend to be a more major problem is 
that of obtaining a low quiescent output voltage. With this 
type of circuit it is normal for the output to be directly 
coupled to the loudspeaker. There is no strong d.c. compon­
ent across the outputs, which makes using a large electrolytic 
coupling capacitor a dubious practice. The circuit could be 
designed to produce a suitably strong polarising voltage, but 
this would upset the symmetry of the circuit, which would be 
reflected in a significant reduction in the maximum output 
power.

Direct coupling is a better way of handling matters, but 
only if the two output voltages are accurately matched under 
quiescent conditions. In fact the situation is a little more 
complex than this, as the output voltages must remain accur­
ately matched when the amplifier is being driven. It is very 
easy to produce a design that has accurately matched d.c. 
output potentials under standby conditions, but which has a 
strong d.c. bias across the outputs when the amplifier is driven 
hard. It is also easy to produce a design which has accurately 
matched output levels when it is first set up, but which drifts 
out of balance within a few minutes.

The problem with d.c. offsets across the output is that they 
produce strong d.c. flows through the loudspeaker. Apart 
from reduced efficiency in the amplifier, there are the conse­
quences for the loudspeakers to take into account. Strong 
d.c. levels maintained for a long period of time can apparently 
result in the loudspeaker cone being permanently offset from 
its correct resting position. This could affect the reproduction 
quality, and would certainly reduce the maximum power level 
that the unit could handle properly.

Although there are potential problems here, they are not 
Using operational amplifier style dualinsurmountable, 

balanced supply rails, together with operational amplifier style 
biasing and feedback circuits, will usually ensure that there is 
no significant d.c. bias across the outputs.

A small but important point to bear in mind when using
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bridge amplifiers is that neither output is at earth potential. 
Furthermore, as d.c. coupling is used, letting one of the out­
puts come into electrical contact with the earth rail will 
produce a massive current flow. The fuses might “blow” in 
time to prevent any damage, but it is quite likely that one or 
more output transistors would be destroyed before the fuses 
cut off the supply. Using dual balanced supplies and a central 
(0 volt) earth rail can minimise this problem by giving minimal 
differences between the output potentials and the earth 
voltage. However, this would not necessarily ensure a low 
current flow in the event of an output being short circuited to 
earth.

��"��  � 	%'	 �����
Calculating the output power of an audio amplifier should be a 
simple enough matter, but it is a slightly contentious one. In 
theory, you simply take the maximum loaded r.m.s. output 
voltage, square it, and divide by the loudspeaker impedance. 
For example, 10 volts r.m.s. into an 8-ohm impedance loud­
speaker gives 12.5 watts r.m.s. (10 volts squared = 100 volts, 
divided by 8 ohms = 12.5 watts). If the output voltage is the 
peak figure, not the r.m.s. one, it should first be divided by 
1.414 in order to convert it into an equivalent r.m.s. figure. 
For peak to peak voltages divide by 2.828 in order to obtain 
an equivalent r.m.s. value.

While this is all simple enough, in practice matters are 
complicated by the fact that few audio power amplifiers are 
powered from stabilised supplies. As already pointed out, the 
use of stabilised supplies does have potential advantages, but 
these are normally outweighed by the disadvantages. In 
particular, the increased cost and bulk. An advantage of a 
non-stabilised supply is that it enables short spiky waveforms 
to be handled better. Although waveforms of this type give 
very high peak output powers, they produce relatively low 
current consumptions. Figure 1.4 helps to illustrate this 
point.

In the upper waveform, which is triangular, the average 
level is just half the peak level. In the lower waveform its 
spiky nature means that the average level is only about one- 
tenth of the peak level. The peak output power is the same
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for both waveforms, but the average output power (and 
current consumption) are much lower for the pulsed wave­
form. This means that the supply voltage sags relatively 
little on a pulsed signal, permitting higher peak output powers 
to be produced. Provided the output transistors have suitably 
high ratings, on this type of signal relatively high peak output 
powers can be handled before the onset of clipping.

In a similar vein, it is possible for an amplifier having a 
non-stabilised supply to provide higher than normal output 
powers, even with sinewave signals, if they are only supplied 
in intermittent bursts. This is simply due to the fact that 
the smoothing capacitors in the power supply circuit will 
have very high values, and at a middle audio frequency or 
higher it takes several cycles before these capacitors become 
significantly discharged and the supply voltage sags. An 
amplifier might provide 100 watts r.m.s. with a continuous 
signal, but perhaps about 150 watts r.m.s. or more if it is fed 
with short bursts of sinewave signal.

This has led to some imaginative output power ratings over 
the years, particularly for hi-fi amplifiers. Output powers 
quoted as “continuous r.m.s.” in some cases turned out to be
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sinewave input signal, and the true efficiency is likely to be 
only a few percent.

When driven continuously at full power, class B output 
stages can provide theoretical efficiencies of around the 70% 
mark. Practical circuits will often fall well short of the 
theoretical maximum efficiency level, but will still be far 
superior to class A designs in this respect. This means that for 
a given output power they require smaller power supplies, and 
less heatsinking on the output transistors. They consequently 
tend to be smaller and cheaper than class A designs, despite 
what are usually more complex output stages. Unlike class A 
designs, class B output stages do not consume a high power 
level when there is little or no output signal. The current con­
sumption is proportional to the output power, and is zero with 
no input signal. As we shall see shortly, practical designs 
normally have some quiescent current flow through the output 
transistors, but this is usually only a small fraction of the 
quiescent current drain of a class A circuit of similar output 
power.

Cross-over Distortion
Class B amplifiers might seem to be too good to be true, and as 
one might expect, there is a catch. This is in the form of cross­
over distortion. This is a severe type of distortion which is at 
its worst at low power levels, where distortion tends to be 
most noticeable. The problem arises because transistors do 
not start to conduct as soon as a forward bias voltage is 
applied. For silicon bipolar transistors it is normally necessary 
for the bias voltage to reach something like 0.5 to 0.6 volts 
before the device starts to conduct. Thereafter, only a small 
increase in the bias voltage is needed in order to cause the 
device to conduct heavily.

If we apply this to our simple class B amplifier circuit of 
Figure 2.1, it means that the collector of TR1 has to swing 
about 0.5 to 0.6 volts positive or negative before the output 
voltage will start to change at all. If we apply this to a triangu­
lar output waveform, the correct output waveform is shown in 
Figure 2.2 (top). The lower waveform is how the output signal 
might actually appear. This distortion looks bads, and sounds 
even worse!

18









































































,4





 ��$�" ��$7��� ��*�) ��(� �-� �� ���$ ��� ��*� � ��6� �*�(�" �+ �3��� ��� �
(-�!� �?�$�,���" ����� ,�($� �&�� �6(�� �"*�!�$ �"!�� ��42 ���(� � � �
% �$��*(� ��*� �%��(� ��(-" ��� ��*� ���.= =8.=>80==80=>���(�" " 9
���" �������� � �����(��) ��� ��*� � ���������� ����% �(�"2 ���� "�
�""��� (� ��*(� �(�� ��*�"� �$�' ��" �"*�!�$ �-� �&��&���) � �"!�(��$�
���% ��*� � �*�(�" �+" �!" �, ���;>>1 � �"!�(� �, �+ �"2��*�"� �
���" "� ��� �( �" �,�� � �"!�(� �, �6("*�� �&�!" ���� �&�("� � �-!"* �3#!"��
��� �-!"*7 �" ��� ��* " ��)&� ��� ���(�" "��� �*(" ����) ���� �%�!�� �,�
-���42

�*�"� �(%&� � ��" �&��$!�� ��!�&!� �&�6��" ��*(� �(�� ���%&(� 9
(-�� ��� ��*� �&�6�� ������� �� ��! �"7� (�$ � � �(�)�* �,7� �*�) �6 �� �
&��$!�� �6*(� �(�� �,����(��) �"� ,*��) �* ,*�� ��!�&!� �&�6��" ���� �( �
, '�� �"�� ��� ��&��(� �, ����$ � ��"2 ���*('� ���� �%($��(�) �
$ "���� �� �%�("!��%���" ��� ��*� �- &��(� �'��" ��" ��� ��*� �
(%&� � ��"7�(�$ � � ��* " ���"&��� ���6�!�$ ���� ��B&��� ��*�% ��� �-� �
(" �,��$ �(" ��*� �&�6�� ������� �$�" ,�"2 ���6�'��7 �� "��� �, �
��"�" �6�!�$ �"!,,�"� ��*(� ��*�) �*('� �:! �� �(���("��(-�� ���'�� ��� �
&�����%(��� � � ��* " ���"&���7 �(�$ ��*�) �"*�!�$ �����( ��) �, '� �
($�:!(�� ���� �%�"� �* ,* �&�6�� �(!$ � �(&&� �(� ��"2

����������

4��� �0��� �" �5 ���(� ������ ����� 	 �� �!�� "� #�16%�

��� ����� �312>A�6(�� �AL��(�-�� �!���"" � �$ �(��$4
?+0	=

	> 66;
5@+	?

	/ 5;$
5;$	A

	5 �+
	. =11	
	@ =A+
	0 =11	

=11	
�	>> �?�6(���
�	>> �?�6(���
�	>> �?�6(�� �
�	>> �?�6(��

���
���
���
���
���
��	 ���
��� ���

��



��0��� �" �5 ���(� ������ ����� 	 �� �!� "� �#�1/%�

��� ����� �312>A�6(�� �AL��(�-�� �!���"" � �$ �(��$4
�+	=
66;	>
5@+	?
5;$	/
5;$	A
=11		5
=A+	.
=11	
=11	
�	>> �?�6(�� �
�	>> �?�6(�� �
�	>> �?�6(�� �
�	>> �?�6(��

��
��
���
���
���
���

�����
�����	
������

������ ������
K	= /+. �"!-;% � �*�� �&��"��

�(�(� ����
��� � �5?K��($ (� ������ �
��� � �5?K��($ (� ������ �
� � � �5?K��($ (� �������
�� �&��)�"����
?0&����(% � �&�(�� �
5�@�&��)�"��� �
���� �&��)�"���

��
A6
A8
A5
�A
�5
A$

��� ����������
�	=
�	>
�	?
�	/

>��@.>�
>��@.>�
>��.A5
>��.=5
>��.A5
>��.A5
��.==

�	A
�	5
�	.

$5



6,





���("� ����� ��'����(� � "�(�� "���� ���*�� �� ���" ��*(� �(�� �('( �(-�� � � �
�!� ��(�,� ��� �	($ �7 ��������� �" �(�$ ���%&!��� ����+"2

�*�"� �"*�!�$ �-� �('( �(-�� ����% �(�� �,��$ ����+"�����"7 �	($ � �
��%&����� ���(���" �(�$ ��( � ���$�� ���%&(� �"2

��6�'��7 �"*�!�$ �)�!� �B&�� ���� �$ �� �!��) � � ��-�( � �,� (�) �
� ��� � � �)�!� �(��(7 ��*�� �&��("� �6� �� �$ �����) ��� ��*� ��!-� "*�� �
�����" �, �&()%��� ��� ���'�� ��*� ���"� ��� ��*� �-��+ �&�!" �($�:!(���
&�"�(,�2

�� �)�! �6�!�$ �� +� �(���%&���� ��(�(��,!� ��� ��!� ���� �� ��(�,� �
�� �	($ �7 ��������� �" �(�$ ���%&!��� ����+" ��*�� �&��("� �"��$ �(�
��(%&�$ ��$$��""�$ ���'���&� ���T

��	��	� ������� �3&!-� "* �,4 ���� �
��� ��	������� �

������	�� ����� �	��� �
������ ��5 �.�� �

�������

@5





>�?. �
@� ��A? �
@��?) �
@��?B �
@��<C �
@��?5 �
@� ��?D�
@� ��-( �
@��-� �
@��-. �
@� ��-? �
@� ��-- �
@��-2 �
@��-B �
@��-C �
@��-5 �
@��-D �
5��2. �
@��)? �
@��B- �
@� ��2B�
@��2C �
@��E �
@� ��BD�
@� ��5� �
@� ��B. �
@� ��BD�
@� ��C( �
@��C� �
@��C? �
@��C- �
@��CB�
@��CB�
@��CC�
@��CD�
@� ��B( �
@��@� �
@� ��B.
@��)?

.B �)��� ��� �)�����=%	 �@������ �@=�� ��	��=�� �
�� �F����������� ��� ����� ��=����� ���	 �G�=��� �?. �
)3����� ��� ���	 ��������� �B-�
.B �)����� �F
@�)F� �H�IJKLK�M ��� ��=�= �
@�)F� �B�IJKL� ��� ��=�=����
�� �F����������� ��� ������=����� ���	 �@@��E��=� �@�E���� �
G����=� ��� �9N�
O��==� ��� �9N���=�=��= �B���� �����	������
�� �F����������� ��� ������=����� ���= ������ �9�	����� �
�� �F����������� ��� ������=����� ���	 ���=�� �B((P5(( AO�
I����	� ���=����=� �9���������= ��=����=����� �=�� �I�����=�
.2 �)����� �L�����=� �=�� �EQ �@=�� ��=��=�= �
L�= ���� @�)F� �@��� �
�� �F����������� ��� �B2(. �E=����	 ����= �
������	� �L	��������R �9S��=��	�
� ������=	 �F����������� ��� ���= �O=���=�	 ��� �@@��@�)F� �
�� �F����������� ��� �.�( �E=����	 ����=
�� �F����������� ��� ������=����� ���= �� �����	� ���� -B- �=�� �BB-�
�� �F����������� ��� �E)A �@�)F� �
�� �F����������� ��� �TO�E=����	 ����	
��� ��� �Q��� �=�UA�)�	����� �=�� �)�	����� �� �V=�	� ������=��
�� �F����������� ��� ������=����� ��
��� ��� �����	 ���� ���=� ���� �-B- �V�
F��� ���	 �TO������%	 �
�������� ��� �TO��W=��� �
��� ��� �V=� �X��� �������	� �� �
�� �F����������� ��� �������	�
9=�R ������ ����Y	��� ���� �� �����	� ���� �-B-Z�BB-Z�B�.5 �=�� �E)A �������	�'
������	� �E���� ����[	��'
E��= ���%=��	� �9 ���������� �E���� ����: =��
��� ��� �Q���	 �Q��� �V=�= ������=�� ���� ���	 ������=� ���� �-B-Z�BV- �=�� �B� .5 �
� �L> GA=� ��=��W��\
�� �F����������� ��� �������	� ���������=�����
9�	������� ��������� ���� ���� �������	� �������� ��� �K�W��'
9 ���������� ��������� ���� ���	 �������	� �������� ��� �E��	� �K�M�=R� �
V	����� ���	 �E�=� ����� �X��� ������	� �
EFGF����[	��� �
�� �F����������� ��� ���PE
�� �F����������� ��� �B5((( ���	�W�R �O=���=�	 �
9 ���������� �)R� �� ��=W	� �������������
Q=���= L	���� ����[	��'
� ���=����=� �K	�	�	��	 �V�]�	 ��� �Q��� �����	����� ��� ���= �� �����	� ���Q5.)B �H���Q5) � . �
V	����� �)�=��	� ����� �@�)F� �=�� �OJVJ �J� ���� �� �����	� ���Q� �
$���� �X��� ������=� ���� �G�	 �G��=� �
E��= ���%=��	� �9 ���������� �)	�����R ����[	��� �
)����� �������=����� ��� ���	 ������=� ����� ���� �Q���	�� �
E��= ���%=��	� ����	� �)����R ����[	���
OJVJ ���� �@	����	�� �
E��	� � �J��� �G	%��	 ����[	��� �
�� �F����������� ��� �)=�	����	 �L	�	%����� �
@�)F� �H�OJVJ ��� ��=�=��	� �
�� �F����������� ��� ���	 ������=� ����� �
�� �F����������� ��� ����	��= �L�	��R �
�� �F����������� ��� �@�)F� . ��� ���	 ������=� ����� �
�� �F����������� ��� �V9E �
� �������	 �F����������� ��� �E) �GJ) �
9 ���������� �^

+� �D2�
��Z D2�
�� �D2�
�� �CB�
��Z D2�
��Z D2�
��Z D2�
+2�DB�
+2ZDB�
��Z DB�
��ZD2 �
�-ZD2�
��Z C2�
�.ZDB�
+. �2( �
��Z D2�
�� �DB�
+.ZC2�
+. �2( �
+. �2( �
+. �2( �
+.Z2(�
+.Z2(�
�.Z2( �
+. �2( �
+.Z2(�
+.Z2(�
+.Z2(�
+?Z2(�
+.ZDB�
+. �DB�
+.ZDB�
�) �D2�
+.ZD2�
+.ZDB�
+.ZD2�
+.ZD2�
+. �D2�
�.ZD5 �
+.ZD2�
+. �DB�
+. �D2�
+2�DB�
+2ZD2�
+.ZD2�
+.ZDB�
+.ZD2�
+. �D2�
+.ZD2�
�.ZD2 �
+2ZD2�
�.ZD2 �
+2ZDB

=�� �Q����� ��=��=�=
��

��=�=��� �B���� �����	������

��= ���������	 ��B �=�� ����� �-
=��� ������

���=� �K������ �
�	����	�=��

@�� 5-
@2

@��BB �
@��BC�
@� ��55 �
@��5B �
@��D( �
@��D� �
@� ��D. �
@��@?�
@��D- �
@� ��D2�
@��BB �
@� ��DC�
@��D5 �
@��DD�
@�.?( �
@�.?.

+. 2�)

!)+2
+.
+-ZD2
+-ZD2
+-ZDB�
+- �D2�
+-ZDB�
+-ZD2

�=��W��\R	�� �_ FFFFFFF
�� �7'�#8

���	� �)	�	���� �V���	 �
G����=� ��� �)	�	���� �V�=�	�=�� ���
G����=� ��� �)	�	���� �V�=�	�=�� �. �
O��	=� ���
V	����� ���	 �E��� ����� �X��� �E�����	�	� �
K	���	 �������� ��=��W��\ �
�� �F����������� ��� �5((B �E=����	 ����= �
�� �F����������� ��� �������	� ����	� �G�=���� �
@@��@�)��5B ��� ���	 ������=� ����� �	�� �F@E�
@@��@�)F�)* ��� ���	 ������=� ����� �	�� �F@E�����=��W�	� � �@��\ �. �V� �
G����=� ������ ����[	��� �
E����=� �������=����� �
E��= ���%=��	� �EF(F����[	���
L=	� �9N����	�� ����	�������� �
E��	 ���%=��=� �L	=� �9N� �F���	� �
�����=����� ��� �IJKLK�M �CC�
������	� ���WWR���� ��=�� �W��� �
�� �F����������� ��� �� �
$���= ����� ����	� ��������	� ������������� �

�	�==
)�=����� �V���	

L�@�.?-

@�.?C
@�.?5
5�.?D
@�.-(
@�.-�
@�.-.
@�.-?
@�.--
@�.-2
@�.-B
@�.-C
@�.-5 ��
@�.-D

�'�#�

7.+.
+?

7)+2
+.
+?ZD2

B�G��� �I��	� �+?�D2�
+.ZDB�
+-ZD2�
+.ZD2�
+.ZDB

����=��W�	� � �@��\ ��7�O=���	�	
=���

�� ���= ���=�� �)L��

7)+.� ����	��������
+-
+2�D2�
+.ZD2�
+?�D2�
+.ZD2�
+-Z(B�
+. �D2�
+. �DB�
+-ZD2

@�.2�
��)3)
��)3-
@�.2-
@�.2B

I��� ������ ��� ��� �
F��	��=����=� �K=��� �
�� �F����������� ��� �O���N�=\=�� �=�� �9�������	 �G	���� �
�� �F����������� ��� ���=�	�� �K=��� �
O	=�� ���� ��� ������=� �F�����)36

��)3,




