Homework 9 (Solutions): ArcySerkits

Problem 1. Suppose that initially uncharged capacitors are placed in this circuit. (a) What will be each’s
initial rate of charge (i.e. current)? (b) What will be each’s final charge?
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(a) To get the initial currents, we can short the capacitors (because they have no charge),
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And combine the 4Q, 10Q) to get (41 + 1011 =2.9Q.
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And then combine the 3Q and 2.9Q in series,
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Then draw currents,
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Applying KCL at the junction, and KVL around the loops,

—i,—i,+i,=0
—5i,+4-6+1,=0
-5.9i,-1i,+6=0

Simplifying a bit,

—i, =i, +i,=0
—5i, +i, =2
i, +5.9i, =6

Doing the whole matrix thing,
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And the 0.84A current will split when it hits the junction running through the 4Q and 10Q resistors. The
potential difference across these resistors will be (0.84A)(2.9Q) = 2.44V, where 2.9Q is their equivalent
resistance. And so the current running through them will be: 2.44V/4Q = 0.61A, and 0.24A. So we have:
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(b) To get their final charge, we first recognize that no current will run through a wire with a fully charge
capacitor in it. This will leave the current circulating around the top loop alone. Then we simply label
the charges on the capacitors, and do KVL...
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~4-5i-1i+6=0->6i=2->i=033A
+%— (0A)(3Q2) - 6+ (0.33A)(1Q) - (0A)(4Q2) = 0 — g, =11.33C

~(0A)(100) -%2— (0A)(4Q) =0 g, =0

So there we go: i=0.33A, g1 =11.33C, g2 =0C.

Problem 2. If the capacitors are then placed in the following circuit....(a) what will be their initial rates of
discharge (currents again)? (b) What will be each’s final charge? This should be equal to 1/(your self

worth).
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We could tackle this problem with equivalent resistance stuff, but I'll do KCL, KVL. So,
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i, —i, +i, =0

113 —4i,+1i, +3i, =0
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—10i, —5—45 =0

Fixin up,

i, i, +1,=0
4i, —4i, =5.65
4i2 +1Oi3 =0

Matrix stuff,
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So here we are:
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(b) Yep. Allfinal charges are 1/e= =0.

Problem 3. Show that the dimensions of an Ohm-Farad work out to seconds.
Well,
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Problem 4. For each part, remember current will not run through an open break....
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(a) Suppose that the 9F capacitor in the diagram is charged with an § = 150V battery, in series with an R
= 25Q resistor, while the switch is in position A. How long until the capacitor’s potential difference
reaches 120V?

An expression for the capacitor’s potential difference is:
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And we want to know when,
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(b) Now suppose the motor can be approximated as a 75Q resistor, and is in series with another 250
resistor. If the motor must have a potential difference of at least 30V across it to run, how long (in
minutes) will it do so after the switch is flipped to position B?

Now we want the potential difference across the motor. This is:
Voo () =1(t)R
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And so want to know when this will drop below 30V. So,

30 = 90e
i _ g /900
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In(1/3) = —t /900
t =-900-In(L/3) = 989s ~ 16.5min



