PHYS 189 Homework 5 Due Feb. 17, 2014

Name:

Answer the questions in the spaces provided on the question sheets. If you run out of
room for an answer, continue on the back of the page.
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1. Find the charge, as a function of time, on the capacitor for the above circuit when the switch is closed.
What is the value for each at 12 seconds? What about 120 seconds?

Solution: The charge on the capacitor is given by,
Q(t) = CE (1 e /M) =28 x 1074 (1= /(30X 107))

at 12 and 120 seconds:

Q12) = C€ (1 - e‘lQ/RC) — 2.8 % 1071C

Q(120) = C€ (1 - 6*120/30) — 2.8 x 1071C
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2. Suppose that the circuit below is allowed to run for a very long period of time so that the capacitor is
fully charged. Then the battery is removed and replaced by a wire so that the capacitor can discharge.

Find the charge, as a function of time, and the current as a function of time. What is the value for each
at 5 seconds? What about 50 seconds?

120.0V

to

7400.0€2

AN ]

Solution: The charge on the capacitor (discharging) is given by,
Qt) = CE (e7/RC) =12 x 1078 (e7t/(F4x107))
at 5 seconds:
Q) = CE (e—5/RC) = 5.4 % 10733C
at 50 seconds:
Q(50) = CE (e—50/R0) — 4.3 % 10"27C

What about 50,000 seconds?

Q(50000) = C& (e—50°00/ RC ) = 0.000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 00C
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3. In the circuit below, find the current passing through each branch and the charge on the capacitor at
the following times: once the switch is closed, and a long, long time later.

150V to

i

35.062

55.00 100.0pF ——

A

Solution: First start with the loop rule when the switch is first closed and there is zero charge on

the capacitor:
0

—— =0
100.0puF
The trick here is knowing that the current will follow the path of least resistance, which in this case

is the capacitor branch at ¢ = 0. One could also apply the loop rule to the rightmost branch and
find the current on the 55.0€) branch is zero.

15.0V — I35.0Q2 —

We solve for the largest-loop current to find:

150V

Iy

After a very long time, the capacitor is fully charged and we simply have a resistor-in-series circuit
with an equivalent resistance of R, = 90.0€2, and so the current passes only through the left-most

loop and has the value:
V. 15.0V

Req  90.0Q

I = =0.2A

At this point the capacitor has maximum charge, and we can apply the loop rule on the rightmost
loop to find that
Qoo

100.0uF
Qs = 9.2 x107%C

0 = I(55.00) —
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4. In the circuit below, find the current passing through each branch and the charge on the capacitor at
the following times: once the switch is closed, and a long, long time later.

300.0V "
0

i
3000.0Q§ 50.0uF — —

155.0€2

Solution: First start with the loop rule when the switch is first closed and there is zero charge on
the capacitor:

300.0V — 1155.0Q2 —

=0
50.0uF

The trick here is knowing that the current will follow the path of least resistance, which in this case
is the capacitor branch at ¢ = 0. One could also apply the loop rule to the rightmost branch and
find the current on the 3000.0Q2 branch is zero.

We solve for the largest-loop current to find:

~300.0V
~ 155.0Q

Iy =1.9A

After a very long time, the capacitor is fully charged and we simply have a resistor-in-series circuit
with an equivalent resistance of R., = 3155.0§2, and so the current passes only through the left-most

loop and has the value:

V. 3000V
Io=—=—"""_=01A
Re,  3155.00

At this point the capacitor has maximum charge, and we can apply the loop rule on the rightmost
loop to find that
Qo

50.0uF
Qo =1.4x1072%F

0 = I,(3000.09) —




