Quiz - November 1, 2009 2213 - Heat and E&M

Name: 8

Show all work clearly and in order, and box your final answers. Simplify your expressions as
best you can. Use the back of the sheet if you need to. You have 10 minutes to take this quiz.

CAPACITOR NETWORK - Consider the capacitor network drawn on the board. Answer the
following questions. Initially, between the points a, b, I have connected a 10 V power supply. It
has been connected for quite some time.

So before we get into it, lets note that we know that for capacitors in series, their charges have
to be the same, and for capacitors in parallel their voltages have to be equal. Furthermore, lets
call the equivalent capacitance of the three in parallel on the left Cp = C4 + Cp + C¢ since
they are in parallel. At this point we know that the charges on all three are the same, i.e.
Q1 = Qp = Qg. And this voltage equals the voltage across all three, i.e. Vi, = V4 = Vg = V¢,
and that the charge on the equivalent capacitor is the sum of the charges on all three, i.e.
Qr = Qs+ QB+ Qc¢. Finally we can calculate these charges by using Kerchoff’s Law for the
whole lot. We have that the sum of the voltages must be the supplied voltages

which gives

1. (1 point) What is 8—??

So here we can compute

Qp CVe CBVL CB% _Cp

@p Qp Qp  Qp (g

So we’ve found

Qs Cp Cp

Qp Cp Cu+Cp+Cc

2. (I point) What is 8’47
So here we know Q4 = CaV4 and Qp = CgVp but we know V4 = Vg so the ratio just becomes

Qi _Ca

Qs Cp

3. (1 point) What is %?
Following the same logic as the part above we have

@ Cg

Qe  Ce
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4. (1 point) What is “;—2?
From here we know that since these capacitors are in parallel they have the same voltage we
have

Va

]
Ve

9. (I point) What is \%?

So here we have
Vo Qp/Cp _ Ck

Ve Qg/Ce Cbp

So we’ve found

Yo _Ce
VE_CD

. .V
6. (I point) What is 27
Here we have

VB Vi Qu/Cr _ Cg

Ve Qe/Ce  Qp/Cs CL

So we’ve found

VB Cg

Ve _CA+CB+CC

Now I disconnect the power supply from the points a, b.

7. (1 point) What is V?

So if they were connected a long time, the capacitor network should charge up to the point
where their voltage is the same as the original voltage, i.e. |V = Vit

Now I connect a 5 k{) Resistor across a and b.

8. (2 points) What happens?

The capacitors will begin to discharge through the resistor. The charges will start flowing, and
will continue flowing until the capacitors are all uncharged. In fact, the current should follow a
decaying exponential.

9. (I point) What is the time constant for this new circuit?
The time constant for an RC circuit is 7 = RC, so we need the know the total equivalent
capacitance, which is given by

and our time constant is



