
55. (a) At t = 0 the capacitor is completely uncharged and the current in the capacitor branch is as it
would be if the capacitor were replaced by a wire. Let i1 be the current in R1 and take it to be
positive if it is to the right. Let i2 be the current in R2 and take it to be positive if it is downward.
Let i3 be the current in R3 and take it to be positive if it is downward. The junction rule produces

i1 = i2 + i3 ,

the loop rule applied to the left-hand loop produces

E − i1R1 − i2R2 = 0 ,

and the loop rule applied to the right-hand loop produces

i2R2 − i3R3 = 0 .

Since the resistances are all the same we can simplify the mathematics by replacing R1, R2, and
R3 with R. The solution to the three simultaneous equations is

i1 =
2E
3R

=
2(1.2 × 103 V)
3(0.73 × 106 Ω)

= 1.1 × 10−3 A

and

i2 = i3 =
E

3R
=

1.2 × 103 V
3(0.73 × 106 Ω)

= 5.5 × 10−4 A .

At t = ∞ the capacitor is fully charged and the current in the capacitor branch is 0. Thus, i1 = i2,
and the loop rule yields

E − i1R1 − i1R2 = 0 .

The solution is

i1 = i2 =
E

2R
=

1.2 × 103 V
2(0.73 × 106 Ω)

= 8.2 × 10−4 A .

(b) We take the upper plate of the capacitor to be positive. This is consistent with current flowing into
that plate. The junction equation is i1 = i2 + i3 , and the loop equations are

E − i1R − i2R = 0 and − q

C
− i3R + i2R = 0 .

We use the first equation to substitute for i1 in the second and obtain E − 2i2R − i3R = 0.
Thus i2 = (E − i3R)/2R. We substitute this expression into the third equation above to obtain
−(q/C) − (i3R) + (E/2) − (i3R/2) = 0. Now we replace i3 with dq/dt to obtain

3R

2
dq

dt
+

q

C
=

E
2

.

This is just like the equation for an RC series circuit, except that the time constant is τ = 3RC/2
and the impressed potential difference is E/2. The solution is

q =
CE
2

(
1 − e−2t/3RC

)
.

The current in the capacitor branch is

i3 =
dq

dt
=

E
3R

e−2t/3RC .

The current in the center branch is

i2 =
E

2R
− i3

2
=

E
2R

− E
6R

e−2t/3RC

=
E

6R

(
3 − e−2t/3RC

)
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