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From ILT oOcw $.022

PROBLEM 24&75+) Oé)

In this problem, you will look at a circuit that contains a constant current source: the total
current which comes out of this device is always I, no matter what EMF is required. The
switch S is closed at ¢t = 0.

First, this source is hooked up to a pair of resistors in parallel:

R1 R2

(a) Find the EMF & produced by the constant current source, as well as the currents I;
(flowing through resistor R;) and I, (flowing through Ry).

The resistors in parallel have an equivalent resistance given by 1/R., = 1/R;,+1/R,
or Req = RiRy/(Ry + R2). The EMF produced by the current source is thus

o LR,
N R+ Ry~

The currents through the two resistors are given by

;- £ _ DR
' " R R +R,

£ LR,
L = —

R, Ri+R,



The circuit is now modified: a capacitor and a switch are added. The capacitor is initially

uncharged.
_c
I L
Rl RZ

(b) Find the initial currents I;(t = 0), Ir(t = 0), and the late time currents, I;(t — o0),
IH(t — c0). You should be able to do this with very little calculation. (Express your answers
in terms of Iy and the parameters of the circuit.)

At t = 0, there is no charge on the capacitor and it behaves identically to the
circuit in part (a). At late times, the capacitor is fully charged and no current
flows through R,.

The switch is closed at ¢t = 0.

IyR, LR,
Lt=0)=—22_ [it=0)=
1( ) R+ R, 2( ) R, + R,
Il(t—*OO)Zlo, Ig(t—)OO)ZO.

(c) Use Kirchhoff’s laws to write down two equations relating I (t), I5(t), Ip, and the charge
on the capacitor Q. Write down a third equation relating Q to I.

Q dQ
=L +1 LR —LR,—==0, ="~
Iy 1+ 12, thy = lolty = = 2=

(d) Using the results of (c), find the late time charge, Q(t — o). (Express your answer in
terms of Iy and the parameters of the circuit.)

For t — oo we have I, =0, I; = I;. Plugging into Kirchhoff and solving for @, we
find

IoRl—%=0
—*Q=IQR10.
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Problem/faCapacitancc and Energy) (20 pts)
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Consider a parallel plate capacitor with plate scparation

‘ , b and a sheet of metal of thickness @, as shown in the
X | X figure. Here, b < a. For this problem, consider the plates
v ; of the capacitor to be lurge enough so that fringinz ficlds
e can be neglected.

a) Docs the capacitance ol the capacitor risc or fall afier the metal sheet is inserted
between the plates of the capacitor?
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b) Ifl the capacitance of the capacitor before the metal sheet was inserted was given by
C,. what is the capacitance after insertion of the metal sheet?
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¢) Consider a charge an amount of charge +Q and —(Q placed on the plates of the

capacitor. What is the energy stored in the capacitor before and after the metal plate is
inserted between the plates? 2
4 Q

o \ RS-
BEFRE  Upre = 3 e

Q> 4

ARTER U 16 . L Qa”
=2 o = = v =
- — AFTTR a C'rcr',‘, >N Col’:.‘ 44 ';TI.}' )y\
axr 1 =5 Urw*r':u.<u’ﬁ
@nd—icn of X MVote: 14 I;Tﬁ:'d)7 =
. : dU ) _ '
d) Given the equation F = == where xis the length of e metal plate that s
ax

inserted between the capacitor plates, what is the force on the metal? Which direction
does it tend to move the metal plate?
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