
Robert Ramsey PHYS1444 Quiz David Joseph StithProblem. Determine a formula for the equivalent 
apa
itan
e for the parallel plate 
apa
itor shown whi
hhas diele
tri
s �1 and �2 inserted, total length 2L, a given plate area of A, and plate separation d.
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C1 = �1�0 12AdC2 = Z L0 � d(L�xL )�1�0Adx2L + d( xL )�2�0Adx2L ��1= Z L0 �2d � (L� x)�1�0Adx + 2d � x�2�0Adx��1= Z L0 �2d � �2(L� x) + 2d � �1x�1�2�0Adx ��1= Z L0 �1�2�0Adx2d[�2L+ x(�1 � �2)℄= �1�2�0A2d Z L0 dx(�1 � �2)x + �2L= �1�2�0A2d � 1�1 � �2 ln�(�1 � �2)x+ �2L��L0= �1�2�0A2d(�1 � �2)�ln�(�1 � �2)L+ �2L�� ln(�2L)�= �1�2�0A2d(�1 � �2) ln��1�2�Ceq = C1 + C2= �1�0 A2d + �1�2�0A2d(�1 � �2) ln��1�2�Therefore, when �1 6= �2, Ceq = �0A2d ��1 + �1�2 ln(�1�2 )�1 � �2 �But when �2 = �1 we should have simply �2�0Ad . We verify that this is 
onsistent with our formula asfollows: C�2=�1 = lim�1!�2 �0A2d ��1 + �1�2 ln(�1�2 )�1 � �2 � = �0A2d ��2 + �2 lim�1!�2 �1 ln(�1�2 )�1 � �2 �Then, sin
e the limit produ
es the indeterminate form 00 , we apply l'Hôpital's rule, taking the limit of thenumerator di�erentiated with respe
t to �1 over the denominator di�erentiated with respe
t to �1:C�2=�1 = �0A2d ��2 + �2 lim�1!�2 �1(�2�1 )( 1�2 ) + ln �1�21 �= �0A2d ��2 + �2 + lim�1!�2 ln �1�2�= �2�0Ad 1


