University Physics, PHYS 227/232 Quiz 3 Fri Feb 21, 2014

Your name and table number:
Please show your work, write neatly, write units, and your answers.

Definition of capacitance: C'= kQ/V where k is the dielectric constant
Capacitance of a parallel plate capacitor: C = A/(4nkd), k =9 x 10 N m?/C?
Capacitors in parallel: Cioy = C1 +Cs + ...

Capacitors in series: 1/Cior = 1/C1 +1/Cy + ...

1. You build a capacitor out of two parallel thin rectangular conductors, each of length
1.5 cm and width 2.0 cm, separated by a distance of 1.5 um.

(a) (2 points) What is its capacitance?
Solution: Capacitance of a parallel plate capacitor is C' = A/(4mkd). Here the
area of these rectangular conductors is A = (0.015m)(0.020 m) = 3 x 10~ m?. So
we have

A (3 x 107 m?)

C= - — 1768 nF ~[1.8uF — C
drkd  4m(9 x 10° N m?/C2)(1.5 x 10-5 m) "

(b) (2 points) What is the potential difference between the conductors if there is a
charge of 2.0 x 10~7 C on the capacitor?
Solution: C' = Q/V, so

Q (20x10770)
vo¥_ — 113V A[1I0V =V
C~ (1768 x 10-°F) 110V = V]

(¢) (1 point) If you now separate the (charged) plates of the capacitor to a new sepa-
ration of 4.5 um, what is the new potential difference between the plates?
Solution: The new capacitance of the capacitor is

A A d 1
Cnew N 47denew N dmkd (dnew> =¢ <§>

It has the same charge, so the new potential difference (voltage) is

Q (2.0 x 1077 C)
Vo = _ =339V =340V = View
Chew (1768 x 1079 F)(1/3) |

The capacitance goes down by a factor of three, so the voltage to hold the same
charge must go up by a factor of three.



2. Consider the above arrangement of capacitors, where C;} = 2.0 uF and C; = 2.0 uF are
in series, and C3 = 1.0 uF is parallel to the series combination.

(a) (3 point) What is the overall equivalent capacitance of this combination of capaci-
tors?
Solution: Capacitors C; and Cs are in series, so their equivalent capacitance Co

1S
1 1 1 1 1 1

Co G G T 20uF T 204F  104F
This equivalent capacitance Ci, is in parallel with C3, so the total equivalent ca-
pacitance (13 is

Claz = C12 + C5 = (1.0 uF) 4 (1.0 puF) =

(b) (2 points) If there is a voltage difference AV = 20V across this capacitor combi-
nation, what is the charge on each capacitor?
Solution: C3 has wires that connect to the terminals of AV, so the potential dif-
ference across (43 is also AV. Then we can use the definition of capacitance to find

its charge:
Q3 = C3AV = (1.0 uF)(20 V) =120 uC = Q3

We can also use this logic to find the charge on the equivalent capacitance of the
series capacitors, Cia:

= Cia=1.0 /LF

Q12 = C12AV = (1.0 uF)(20 V) = 20 uC

How does Q15 relate to the charges on the individual capacitors (); and Q2? The
capacitors in series must have the same charge. All charge that goes onto the left
plate of (] is balanced by an equal and opposite charge on the rightmost plate of
(1. But the central conductor is neutral, so there must also be an equal charge over
on the other side of the conductor, on the left plate of C5, which is then balanced
by an equal and opposite charge on the right plate of Cj.

The conclusion to all that logic is that the charges ); and ()5 are the both equal
to the (12 you calculated for the equivalent capacitance of the two capacitors in
series.

’Ql :Q2=Q12=2OMC‘

Yes, the charges on all three capacitors are the same!




