
Homework #11 — Introduction to Feedback Systems — Section 12.1

Problem 12.1 ���������
	 ����������� � ��������������� ������������ � ��� ��"!#�$� �
The sensitivity of the closed-loopsystemtransferfunction with respectto parameter

!
is given by% � �����$�'&)( �*���( �����& �� � !+ ! + �,������,����� � !+ ! ��,����� - ��  �.�/!0� + !#���1� �32 ��  �4!#��� �65� !+ ! �  �7!8�1� �� - ��� ��.�/!0� + !9���1� � 2 ��� 1�"!#�$� � 5 � !+ ! - �  �7!8�1� ��� 1�:�/!0� + !9���$� � 2 � 5� !+ ! 2 � + !9����� ��:��!0� + !#���1� � � 2 !#��� ��:�;!0� + !#����� �=< 2 !#��� $�7!8�1� �

In the last step, the approximationis doneassumingthat
+ !

is small.

Problem 12.2
The original transferfunction > �����?�@��ABACA�D����$�E��AB�

has the static gain equal to > ��AB�F�G��ABACABDH��AI�J��ACA
. The

closed-loopsystemtransfer function is�,�������K	 �����L� + 	 ����������� � ��ABAM� > �����ON + > �����P����Q��ACA�� > �����LN + > �����P� � ��ABAM����ARNTSC��$�E��A9��ARNTSBACA
When the disturbancesign is positive, the static gain is� � ��AB�)� ��ACA�����SC���S9��A �EAHU VCV�W�X
When the disturbancesign is negative,the static gain is�,YZ��AB�Z� ��ABA���SC�S9��A �[AHU V�\CABW
In both casesthe toleranceis lessthan

��]
of the original DC gain (100). Hence,the combinedtoleranceis less

than ^ ] .

Problem 12.3
The sensitivity function for the unity feedbacksystem defined in Problem 12.2, with the transfer function> �����_�`��ABACABD����$�[��A��

, is given by% ������� ����Tab����� > ����� � ����dc�ePePe��� c�e � ���Q��A���Q��AH��A
COMMENT: STUDENTSWILL NOT BE ASKED TO PLOT THE SENSITIVITY FUNCTION

Problem 12.4 	 ������� > ������f_�����O� > �����Pa0gh�����P�������� 2 ab����� 	 �����i�j �k��� > �����Pa g �����Pa�������� 	 ������� > �����Pf_�����O� > ������a g ������������j 	 ������� > ������a g �������� > �����Pa g ������ab����� b�����L� > �������� > �����Pa g �����Pa������ f_�����
For large valuesof the controller transferfunction

a g �����
and/or large valuesof the feedbackelement

a������
, the

disturbanceis attenuatedon the systemoutput.

1


