Massachusetts Institute of Technology - Physics Department
Physics - 8.02 Assignment #3 February 22, 2002.

We strongly recommend that you read about a topic before it is covered in lectures.
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Problem 3.2
Switching Capacitors.
In the diagram below, the four capacitors have the same capacitance; the battery provides 120'V.

B
C, —— Cs —_ 120V
_I__I_
A

Consider two cases, starting in both cases with uncharged capacitors.

Case I.

(a) While switch B is kept open, switch A is closed and then opened after C;, Cs, and Cj are fully charged.
What is now the electric potential difference across each capacitor?

(b) Subsequently switch B is closed. What is now the electric potential difference across each capacitor?
Case I1.

(c) Switch A is open. Switch B is first closed. What is now the electric potential difference across each
capacitor?

(d) Subsequently switch A is closed. What now is the potential difference across each capacitor?
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Problem 3.2

b - or, c
Switching capacitors Gl g
(a) With switch B open and switch A closed, C} ?—_
is out of the picture, and the circuif is effectively —21 49
as shown in the diagram at right. f V =120V is ——/——- — Vv
the battery voltage, we must have C,
__+Q
Vi+Wa+ V3=V . T

By the same sort of charge-conservation argument as in problem 3.1, all three capacitors
must necessarily have the same charge +¢) on their plates. Since all three have the same
capacitance as well (call it “C”), we have

Q@ = CVi=CVa=CV3
S Vi=V%=V=V/3=40V .

Once the capacitors are charged in this manner, the potential across each will remain the
same even after the opening of switch A.

(b) Opening switch A has taken the circuit branch containing the
C, battery out of the game, but not before charging capacitors C4, C5,
— ¢ and C5 as described in part {a). Now, closing switch B brings C)
back into play, and the circuit is effectively as shown at left. ]
2 €, and (5 will still each carry the same charge @ as before {opening
switch A leaves them isolated from any flow of charge). However, the
] charge ¢} that originally resided on 'y alone will now be distributed
— 0 between Cs and Cy. As (5 = (Y, by symmetry we will have a charge
— T - (/2 on each, and the voltage across Cs and Cj will thus be half the
original voltage across C5. So then,

Vi=Ve=40V, Va=V;=20V .

(c) With the capacitors initially uncharged and switch A open, closing switch B does not
provide a potential across any of the capacitors, for the circuit branch containing the battery
is effectively disconnected.

(d) Now we close switch A, with switch B previ-
ously closed. The circuit is as shown at right. The
effective capacitance of the C5-C) parallel combi- C, )
nation is Cy = C' + C' = 2C. The entire four- ——+Q_'
capacitor system has an equivalent capacitance

G, FTH0T T C,
Co = (Lo LY —
o ¢, Cu C i
1 1 1 2 —L 40
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and thus the charge drawn from the battery and onto each of (7, Uy, and Cs is
2
QI — Cqu — _CV .

5!
Now we can determine the potential differences across the various capacitors:
Vlz%zg:szﬁléBV
¢ 5
and o 1
Vo=Va=_—==-V=24V .
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