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likely to occur at a frequcncy of several Megahertz. This is not 
of any consequence in true audio applications since even without 
feedback the amplifier has a response which extends well 
beyond the upper limit of the audio band. In tact il can bc a 
disadvantage as it can increase the susceptibility of the circuit 
to stray radio frequcncy pick-up.

Emitter Follower

As was explained earlier, loading of one stage on another, or 
loading of a circuit of some kind on a transducer such as a 
microphone, can produce a large reduction in signal level.
Losses due to loading can be substantially reduced using a 
buffer amplifier, and simple emitter follower buffer circuit is 
shown in Figure 3.

An emitter follower has 100% negative feedback and 
therefore only unity voltage gain, but the full current gain of 
the transistor is realised so that only a small input current is 
needed to give a comparatively large output current, and the 
required high to low impedance conversion is thus obtained.
It should perhaps be pointed out that an emitter follower 
stage does not actually give unity voltage gain, but in actual 
fact gives marginally less than unity gain (about 0.% being the 
typical voltage gain obtained). This very small drop in signal 
level is not usually of any practical significance though.

The input impedance of the circuit is equal to the parallel 
impedances of R1, R2 and the input impedance of Tr 1. These 
give an input impedance of roughly lOOk using the specified 
values. The output impedance of the circuit is 2k2, but this 
does not take into account the affect of the source impedance 
of the input signal. This lowers the output impedance of the 
circuit to a figure which can be calculated by dividing the source 
impedance by the current gain of Tri (which is about 520 at 
the collector current used here). In fact the basic 2k2 output 
impedance of the amplifier is in parallel with the impedance 
obtained from the calculation detailed above, but in practice 
the output impedance of the circuit will normally be so low that 
this 2k2 is of no consequence.

Although the output impedance of the circuit is likely to be
6





The circuit is not intended to be a power amplifier and will not 
work as one.

The circuit will work reasonably well on any supply potential 
of between about 3 volts and 18 volts. The current consumptioi 
from a 9 volt supply is about 2mA, and this changes roughly in 
proportion to aiterations in the supply voltage.

Due to the large amount of negative feedback employed in 
the circuit the noise and distortion levels are both extremely 
low.

Op. Amp. Buffer
Operational amplifier integrated circuits make an excellent 
basis for a buffer amplifier, and a simple circuit of this type is 
gjven in Figure 4.

100% negative feedback is applied to the circuit by simply 
couplingthe output direct to the inverting input, and there is 
then unity voltage gain from the non-inverting input to the 
output. Unlike an emitter follower stage an operational 
amplifier with 100% negative feedback does give unity voltage 
gain and not marginally less than unity. R1 and R2 are used to 
bias the non-inverting input to half the supply potential, and 
the input impedance of IC1 is so high that it does not significantl) 
shunt one of the bias resistors, and these are simply made the 
same value. At audio frequencies the input impedance of IC 1 
is so high that it does not have any significant effect on the 
input impedance of the circuit, and the input impedance is thus 
approximately equal to the parallel impedance of R1 and R2, 
or 1.1 Megohms in other words. The input impedance is easily 
increased or decreased by raising or lowering the value given to 
R1 and R2, and is simply half the value given to these component

The current consumption of the circuit is only about 2mA, 
but the 74IC has a class B output stage that can provide output 
currents of up to about 20mA with a consequent increase in 
supply current. The output impedance is extremely low (only 
about 1 ohm) regardless of the source impedance of the input 
signa!.

In one or two respects an operational amplifier buffer stages 
is inferior to a common emitter stage, and one of these is the
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output stage which only permits the output voltage swing to 
reach about 4 volts less than the supply voltage before clipping 
occurs. There are a few devices which enable an output voltage 
swing almost equal to the supply voltage to be obtained, and 
the CA3140H (which has a class A output stage incidentally) is 
one of these.

Another point to keep in mind is that an operational aniplifier 
buffer stage has a slightiy higher noise level than an emitter 
follower stage unless a special and expenstve ultra-low noise 
device is used. It is probably better to use an emitter follower 
stage in cases where optimum noise performance is of primary 
importance.

���  Filtering

Both the emitter follower and operational amplifier stages have 
good imunity to hum or other noise on the supply lines provided 
this noise is not coupled to the input in some way. In the basic 
circuits of Figures 3 and 4 the bias circuits provide a path from 
the supply lines to the input of the amplifiers. Where hum or 
other noise on the supply lines is likely to be a problem it is 
recommended that the slightiy modified arrangements shown 
in Figures 5 and 6 shouid be used.

If we consider the circuit of Figure 5 First, this is the same as 
the circuit of Figure 3 apart from the inclusion of a simple 
decoupling network (R1 and Cl) which removes noise from the 
bias circuit’s supply. With the exception of the improved 
immunity to hum on the supply lines the circuit has a perfor­
mance which is not significantly different to that of the original 
circuit.

The buffer circuit of Figure 6 uses R1 and R2 to produce a 
bias voltage nominaUy equal to half the supply potential, and 
Cl removes any noise present on this bias voltage. R3 couples 
this bias potential to the non-inverting input of IC1, and there is 
no significant voltage drop through R3, even if it has a very high 
value, due to the extremely high input impedance of IC1. The 
input impedance of the circuit is equal to the value of the 
component used in the R3 position, and the value of this 
component can obviously be varied to give any desired input
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current gain of Tri (which is about 500 or so), and the input 
current is therefore likely to be very low at only about 100/iA 
or less.

An important point to bear in mind is that the BC109C lias 
a maximum current rating of lOOmA, and a maximum dissipation 
of 300mW, and care must be exercised to ensure that neither of 
these ratings are exceeded. If necessary a device ha ving higher 
ratings and fitted with an adequate heatsink must be used. Of 
course, with high output currents the input current requirement 
increases, but this can be overcome if necessary by using a 
Darlington device for Tri. The TIP122 device, for example, has 
a typicai current gain of 5000 at a collector current of 2 amps, 
a maximum dissipation of 65 watts, a maximum collector 
current rating of 5 amps, and a VCEO max. of 100 volts. Using 
an ordinary transistor in the emitter followcr mode there is a 
voltage drop of about 0.65 volts or so from the input to the 
output, but note that this figure is approximately doubled for 
a Darlington device.

Dl is a protection diode which suppresses the high reverse 
voltage that can be produced across a highly inductive load 
(such as a relay coil) as it is switched off. Of course, if the load 
is a non-inductive type such as a LED indicator it is not 
necessary to include Dl.

The second emitter follower buffer circuit uses a PNF 
transistor, and the load is switched on with the input at 
approximately the negative supply potential, and is switched off 
with the input at or close to the positive supply voltage. For a 
high power version of the circuit a Tl PI 27 (the complementary 
device to the TIP122) is suitable.

There are a few situations where a DC buffer amplifier is 
required that has an extremely high input impedance, an output 
current capability of a few milliamps, and no significant DC 
shift from the input to the output. This can be accomplished 
using an operational amplifier buffer stage such as the one show» 
in Figure 8.

This is simply a non-inverting amplifier with 100% negative 
feedback from the output to the inverting input so that the 
circuit has unity voltage gain. The CA3140E device specified 
for ICI has a PMOS input stage which gives an input impedance
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input of the amplifier. The value of R5 is equal to the required 
input impedance of the amplifier, and C2 provides DC blocking 
at the input (and should have its value chosen to suit the input 
impedance of the circuit).

R1 and R2 are the negative feedback network, and the voltag 
gain of the circuit can be calculated by First adding the values of 
R1 and R2, and then dividing this figure by the value of Rl. Th 
specified values give a voltage gain of iust over 10 times. In 
theory the values given to Rl and R2 can be any two that have 
the correct ratio to give the desired voltage gain, but in practice 
it is not a good idea to have low values that vvill heavily load the 
output of the operational amplifier, or to have high values that 
would result in a far from Hat frequency response due to the 
input capacitance of IC 1. In practice it is therefore advisable 
to have the total value through Rl and R2 at something in the 
region of 25 to lOOk.

In order to choose suitable values for Rl and R2 fust decide 
on a value for R2, and any value of a few tens of kilohms should 
do. Then divide this by one less than the required voltage gain 
to find the correct value for Rl. The nearest preferred value to 
the calculated figure is the used. Cl is a DC blocking capacitor 
which gives the circuit 100% negative feedback and unity voltagf 
gain at DC so that the circuit is biased properly. At audio 
frequencies it must not add significantly to the impedance 
provided by Rl, and the correct value is calculated in the same 
way as the value of the input and output coupling capacitor 
values are obtained.

The distortion performance of the LF35 1 is extremely good 
with the distortion level being only about 0.02% provided the 
output is not heavily loaded, the circuit is not driven into clippi? 
and the amplifier is not used at very high gain levels. If used at 
fairly high voltage gains the distortion performance does reduce 
at high audio frequencies, although the distortion level is still 
likely to be less than 0.1%.

The noise performance of the LF351 is also extremely good 
with an output noise level of only about 500qV even if the 
amplifier is used at a high voltage gain of one hundred times.

One point that must be emphasized is that although in theor 
it is perfectly satisfactory to have a non-inverting amplifier ���� �
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#� #/�� �0 �"���$ �"� 2 ������� �%���?�#3��'� ���� �#� #/�� ���$ �� ���&� �
��"�� ��%�"����&� �&��'B�?/� ��.�2 �% �4���� �#�'� � �% �H/�'#2���� �
�.�' �� �'��.� 3 �0 �"���$ �� �#�40� ���"��2 ��� &� ��4�/'� ��%�
%���?�#3��'� �&�"�$������� �� �'� �"����&� �&��'- ��( ��$�/$�� ��� �E��40 F�
��� � �$0�'$� ��%���� ��.�' �� �#� #/�� �$��&���2B��'� �.����/� ����$ �
#�40�'�'� ���� �#� #/�� �.�/�� ���4�$� �#� ���'�2 �? ��3 ��'�� �
�$#�������'- ���� �&��' ��'� �f ��%���� �%���� �#�' �?� �?��$��� �$��&���2�
?2�4�3�'& ��( �$��&���2���&��� ��' �"��/�B �� ���� �&��' ��'� �f �#�' �?�

;:



*%



��� �#�'� �� �#�� �#�� �$��#$� �%����$ �#� #/�� �� � �$�4��� ��� ����$� �
�%���� �0 �"��/$ ��.� �#� #/��$�.��� �4�9�4/4 ���%���'� �#/� ���"��$ ��%�
�?�/� �,��� �?��'& ��"����?�� ��� �����I�'� ���3��I �7 �����"� ��� �
, �3�IA-

5����&� ���'� ����� �@���� 

��� �#� #/�� ��%�@�&/ ��:) ��$�%� �� �$�40�� �"����&� �#�'� ����� �%���� �
�%���� ���. �0�$$��20�-���� ���+)>)	 �� �'$#�'�/#��'#� ��0� ����'�A�
�40��%�� �7�� �, A��$��%%�#��"��2�/$�� ��� � ��$�� �"����&� �#�'� ����� �
 �$�$�� B��'� ��' �#�'*/'#���' �.��� ��+ ����$ �%� 4$�� �$�40�� �;�� �
0� ��#��"� ���. �0�$$�%���� -

!��� ���� �#�'� �� �"����&� ��� �=�"���$ ���, ���$ �� �%�� �2���. �
�%%�#��"�� �$�$��'#�B ��'� ���� �1;�� �0��'� ��%���� �#� #/�� ��$�.��� �
?�2�'� ���� �/00� ���4�� ��%���� ��/��� �% �H/�'#2�$0�#� /4 ��� �
�00 �9�4����2 �()3�I- ����/#�'& ���� �#�'� �� �"����&� � ��$�$ ���� �
�%%�#��"�� �$�$��'#� ��%�,�, ��'� ���� �%� � � ��/#�$ ���� �#/�1�%%�
% �H/�'#2��%���� �#� #/��-���� �1;�� �0��'� ��$��� ��3��I �.��� �� �
#�'� �� �0���'���� ��%��00 �9�4����2 �)-<( �"���$B��'� ����#�' �?� �
 ��/#�� �$�4�.��� �%/ ��� ��%�'##�$$� 2-���.�"� B �����$���"�$�?�� �
'�� ��� �/$� �� �#�'� �� �"����&� ��%�4/#� ���$$����' �)-<( �"���$ ��$����$ �
#�/�� � �$/�� ��' ���� ��/�0/� �?��'& �#/� ��%%�#�40�����2- ���$0��� ����$ �
��4������'B ���� �#/�1�%%�% �H/�'#2�#�' �$�����?� �"� ��� ��"� �� �,)) ��� �
, � �'&�B ��'� ����$� �$�4� � ����' ��$���3��2 ��� �?� �'�#�$$� 2 ��' �0 �#��#���
�00��#����'$- ��%�#�/ $�B���� �#/�1�%%�% �H/�'#2� �'&� ��%���� �#� #/�� �
#�' �?� �#��'&�� �?2����� �'&���� �"��/� ��%��+ ��%�'�#�$$� 2-

�� �0�$$�% �H/�'#��$ ���� �#� #/�� ���$ �� �'�4�'�P �"����&� �&��' ��%�
/'��2- ���� ��'0/� ��40���'#� ��%���� �#� #/�� ��$��?�/� ���3-

��'�0�$$ �5�@

@�&/ ��:, �$��.$ ���� �#� #/�� ����& �4 ��%�� �$�40�� �?�'�0�$$ �"����&� �
#�'� ����� �%���� B��'� ������/&� ����$ ��$�'�� �� ���&� �H/����2 ��20� ����
#�' �?� �/$�%/���' ��00��#����'$ �$/#� ��$�4/$�#�� ��%%�#�$�/'��$� �'� �
$�/'� ��%%�#�$�#� #/��$-��'� �� �.1?�#3 ��%���� �#� #/�� ��$�$�40�2������
���0 ��/#�$� $�&'�%�#�'���4�/'�$� �%���$�� ���' �/'�� �#� ���' �
�0� ���'& �#�'�����'$B� �'� ��'���� ��$����� ���� �f ��%���� �%���� �
#��'&�$� H/��� �#�'$��� �?�2 ��$���� �#�'� � �% �H/�'#2��%���� �#� #/�� �
�$�$.�0� �/0.� �$��� �/&� ���� ��/��� �% �H/�'#2�?�'�- ��� ���.
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��40� ��� $ ��'� �� �&&� �#� #/��$�� � �/$�� ��' �'/4� �/$ ��00��#���1�
�'� ����$� �"� 2 �$�40�� �#� #/��$�� � ��4�'&$� ���� �4�$� �/$�%/��
?/����'& �?��#3$-���� ��.� �?�$�#��20�$��%�#�40� ��� �� � ���� �'� �
�'"� ��'& ��'� ��'"� ��'& ��20�$B��'� ����$� �� � �$��.' ��' ���� �#� #/�� �
���& �4$ ��%�@�&/ ��:�7�A� �'� �7?A� �$0�#��"��2- ��0�#��� �#�40� �8 �
�'��& ���� �#� #/��$�� � ��"����?��B �?/� ��' �4�$� �#�$�$�����$�#���0� �
�� �/$� ��' ��0� ����'�� ��40��%�� ��$�� �"����&� �#�40� ��� - ��'� �
���� ��$���� ���#�'�H/� �/$�� ��' ���� �#� #/��$���$# �?�� ��� �-

�' ��0� ����'�� ��40��%�� ��40��%��$���� �"����&� ���%%� �'#��
�# �$$���$��.� ��'0/�$B��'� ��� ���. �% �H/�'#��$ ���� �&��' ��%����$� �
��"�#�$ ��$��9� �4��2 ���&� �?��'& ��20�#���2��?�/� �,))))) �� �
�))))) ���4�$- ���/$ ��'�2 �� �"� 2 �$4��� �"����&� ���%%� �'#��
7�20�#���2��'�2 �� �% �#���' ��%�� �4����"��� A��$�'����� ��' �� �� ��� �
$�'� ���� ��/�0/� �%/��2�0�$���"� �� �'�&���"�- ���� ��/�0/� �&��$�
0�$���"� ��%���� �'�'1�'"� ��'& ��'0/� ��$���� ��'� ��� ���� ���&�� �
0���'����B �� �'�&���"� ��%���� ��'"� ��'& ��'0/� ��$���� ��'� ��� ���� �
��&�� �"����&�-

�' ���� �#� #/�� ��%�@�&/ ��:�7�A���� ��'"� ��'& ��'0/� ��%���, ��$�
?��$�� ��� ��?�/� ����%���� �$/00�2�"����&� �?2��, ��'� ���- ��� �
��#�/0��$ ��'2 �'��$� �.��#� �4�&�� �?� �0�#3�� �/0 ��� ���� ��'"� ��'&�
�'0/� ��%���, ��'� �.��#� �4�&�� ����� .�$� �&�"� �/' ����?�� � �$/��$ �
% �4���� �#� #/��-��%���� �'�'1�'"� ��'& ��'0/� ��$���3�' �4� &�'���2 �
�?�"� ���� �?��$�"����&� �%����� ���� ��'"� ��'& ��'0/� ���� ��/�0/� ��%�
��, �&��$���&�B��'� ��%���� �'�'1�'"� ��'& ��'0/� ��$���3�' �% �#���'���g �
?���. ����$ �?��$�0���'���� ���� ��/�0/� ��%��� �,�&��$���.-

��� �?��$�"����&� �%����� ���� ��'"� ��'&� �'0/� ����$ �'�� ���"� ��� �
?� ����%���� �$/00�2�"����&�B ��'� ����#�' �?� ��'2 �0���'���� �?��.��'�
��� ��.� �$/00�2� ��� �0���'����$- �������$ �'�� ���"� ��� �?� �$/00���� �
?2�� �0���'���� ���"��� �#� #/�� ������ B ��'� �� �I�'� �$�/'� �$��?���$� �
#� #/�� �#�/��B �%� ��9�40��B �?� �/$�� ��'$���� ��%����$ �.�/�� �&�"� �
?���� � �$/��$ �%� �$�4� � ��$�'-

��� ��'"� ��'& �"� $��' ��$��$$�'�����2 ���� �$�4�B�?/� ���� �?��$�
"����&� ��$�%����� ���� �'�'1�'"� ��'&� �'0/� ��'� ���� ��'0/� �"����&� ��$
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���� �!�� ��� ���������� �������� ����� ��

$�� � ���� ��/�0/� �4�"�'& �0�$���"�B�$�'#� ���� �0�$���"� �%���?�#3�
�� �/&� ��+ ����' �#�/$�$ ���� ��/�0/� ��� ���4�$� ��'$��'��2 �$.��#� �
�� ���� ���&� �$����- ��� ��$����' �'�#�$$� 2 �%� ���� ��'"� ��'& ��'0/� ��� �

-�?� ���3�' ��?�"� ��.� ���� �$ ��%���� �$/00�2�"����&� ��' �� �� ��� �$�'� �
��� ��/�0/� �?�#3��� ���� ���. �$����B��'� ��&��' �0�$���"� �%���?�#3�
�'$/ �$ ����� ���� ��/�0/� �� �&&# $�$� ��&�� �% �4��'� ��/�0/� �$���� �
�� ���� ����� ��'� �#�''�� ���3#�/0 �� �$���� �?��.��' ���� ��.� ��9� �4�$-

�' ��?"��/$ ��%%�#���%���� �0�$���"� �%���?�#3B��0� � �% �4���� �
� �&&� �'& ��%���� ��/�0/� �% �4��'� �$���� ��� ���� ����� B ��$���� �
�'� ��/#���' ��%��.� ���$��'#� ��'0/� �"����&�$ ��� �.��#� ���� �#� #/�� �
$.��#��$ ��/�0/� ������$- ��' ����$ �#�$����� � ��$�� ��� &� ��4�/'�� �%�
%���?�#3��� �/&� ��� ��'� ��+ �$������ ���� ��.� �"����&�$ �� � �.��� �
$�0� ����- ��' �$�4� ��00��#����'$ ����$ �.�/�� �'�� �?� ��##�0��?��B�
�'� ��+ �.�/�� ���"� ��� �?� �4��� �4/#� ���&�� ��' �"��/� �$������ ���$

��



;

$�/'��'&��%%�#���' ��, ��'� ��� �.�/�� �?� �& ����2 ���4�'�$���- �� �
"��/� ��%�, ���&��4 �� ��"�' �4� � �$��/�� ��'$/ � � ����?�� �� �&&� �'& �
% �4��'� �$���� ��� ���� ����� B �?/� �.�� � �0 �#��#�� �����$���"�$�?�� �
�� �/$� �� ��� &� ��4�/'� ��%�%���?�#3��$����$ �.��� �&�"� ���� �?�$��
0�$$�?��� ����?����2 �.��� �&��� ��44/'��2 ��� �$0/ ��/$ ��0� ����' �
�/� ��� �'��$� �� ��'$��?����2 -����� ����� ���� ��%%�#���%��+ �.��� �?� �
$��&���2���$$����' ��'� �'��&�� ��90�#� �$�'#� ���� ��/�0/� ��%���, ����$ �
'�� �&��%/��2�0�$���"� �� �'�&���"�B ��'� �.��� �� ���. �$/00�2�"����&� �
���$ �.��� ��' �%�#��$/?$��'�����2 � ��/#� ���� ��4�/'� ��%��2$�� �$�$�
�'� ��/#�� �?2��+-

��'1�'"� ��'& �� �&&� 

@�&/ ��:: �$��.$ ���� �#� #/�� ����& �4 ��%�� �'�'1�'"� ��'& �� �&&� B
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4��� �%� ���#� ��������'�� �#��''��B �.��� ���� ��9� � �#�40�'�'�$ �
?��'& �#�''�#��� ��' ���� �$�4� �%�$���' ��$���B��� ��'� �5��- �����'& �
�9� � �#��''��$ ��� ���� �/'�� ����$ �'�� ����� ���� �0� %� 4�'#� ��%���� �
�9�$��'& �#��''��$ ��' ��'2 �.�2B ��'� ���� ���"�� ��%�0� %� 4�'#� ��� �
��� ��9� � ��'0/�$ ��$���� �$�4� ��$����� ��� ���� �� �&�'�� ��.�� �'0/�$-
�' �����$� �$0�#� ����$ ��20� ��%�4�9� �#� #/�� ��$�$/0� �� ��� �� �0�$$�"� �
#� #/�� �0�/$��40��%�� B��$�.��� ���� ������ ���� �&��' ��%���� �#� #/�� �
$������2 � ��/#�$ ��$��9� � �#��''��$ �� � ������- ��'���� ���"�'��&� �
�%����$ �#�'%�&/ ����' ��"� �� �0�$$�"� �4�9� ��$����� ���� � ��$�'� �
0� #�0��?�� ��'�� �#���' �?��.��' ���� ���"�� ���'� ��$-

��40�� �����$

�� �#�' �$�4���4�$ �?� �'�#�$$� 2 ��� ���"� �� �$�40�� �&��� �#� #/�� �.��#� �
#�' �?� �/$�� ��� �0�$$�� �#/� ��%%��' ��/��� �$�&'�� ��%�$�4� �3�'�B ��'� �
@�&/ ��() �$��.$ ���� �#� #/��$��%��.� �"� 2 �$�40�� �&��� �#� #/��$��%�
���$ ��20�-��%�.� �#�'$��� �@�&/ ��()7�A�@� $�B�.��� �� � �$.��#��� �
�%%������$ �$/#� �� ���&� �#����#�� ��� ��4���� ��40���'#� ����� ������$ �
'� �$�&'�%�#�'���%%�#���' ���� �#� #/��B��'� ���� ��'�2 ���$$�$��� �/&� �
�� �� � ����$� �#�/$�� �?2�� �0���'���� ���"��� ��#���' ��' �#�'*/'#���' �
.��� ���� ����� ��40���'#� ��� ���� ��/�0/�B ��%�� �#�'� �� �"����&� ��%�
�?�/� �; ��� �,� �"���$ ��$��00���� ��� ���� �#� #/�� �� � ��$�?��$�� ��� � �
�'�� �#�'�/#���' ��'� ������$ �� �#����#�� ��� ��4���� ��40���'#� ��%�
*/$��� �%�.���4$- ����$ �0 ��/#�$ �$�"� � ���$$�$��%���4�$� �>)�� �
�� �/&� ���B��'� ����$ ��$���&� ��'�/&� ��� �&�"� �'� �$�&'�%�#�'���/�0/� �
$�&'��-

��� �#� #/�� ��%�@�&/ ��()7?A��$�'�� �$/?$��'�����2 ���%%� �'�B��'� �
$�40�2�/$�$�� �5��� �� �'$�$�� ��'$���� ��%�� �?�0��� ���"�#� �0�/$�
�'0/� �#/  �'� ���4���'& � �$�$�� - ����� ����� ���� �5����� �5��� �
� �'$�$�� ���$ �� �?/�P�1�'�, ( �"��� �I�'� �0 ���#���' ������ ��'� ����
���$ �'�� ���� �%� � � �H/� � ��'2 �$0�#��� ���'���'& �0 �#�/���'$- �
��.�"� - ���� ��'0/� �"����&� �4/$� �'�� ��9#��� �,( �"���$ �� ����$ �
0 ���#���' ������ �.��� �?� �? �/&�� ��'�� �#�'�/#���'� �'� �� ����"2 �
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