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Name: Problems Solved _ /8

A resistor with resistance R is wired in parallel with a capacitor with capacitance C. The capacitor is
initially charged up to a voltage 4V,. Because the capacitor puts a voltage across the resistor, current
will flow through the resistor.

Underline the correct response corresponding to how each quantity changes as a function of time.

The charge on the positive capacitor plate:
Increases Remains Constant Decreases

The E field between the capacitor plates:
Increases Remains Constant Decreases

The potential difference between the capacitor plates:
Increases Remains Constant ~ Decreases

The total energy stored in the capacitor:
Increases Remains Constant Decreases

The potential difference across the resistor:
Increases Remains Constant ~ Decreases

The current through the Resistor:
Increases Remains Constant Decreases

The power dissipated by the Resistor:
Increases Remains Constant Decreases

Write three expressions for the the total energy stored in the circuit (think back to when we studied
capacitors).
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Write an expression that relates the voltage across the resistor to the current through it (we derived it
recently).
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Write an expression for the power dissipated through the resistor given the current and voltage.

P=VL
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Because Power is the time rate of change of energy (P = %lt{), the power equation written above suggests

a differential equation. Rewrite the power equation in terms of the rate of change of energy to form a
differential equation.
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Your differential equation should have the variables U, ¥, and I. Let’s rewrite the equation in terms of
the voltage across the capacitor, V. Using relationships that you wrote-down on the previous page,
perform a change variables from U and I to V.
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Now, sep 77&3 and integrate. What are the proper limits of integration?

}fofl/' </"“ (%) = -

)
v




Circuits — Set 2 Page 3

A resistor with resistance R is wired in series with a capacitor with capacitance C and connected to a
battery with voltage V. The capacitor is initially uncharged.

Underline the correct response corresponding to how each quantity changes as a function of time.

The charge on the positive capacitor plate:
Increases Remains Constant ~ Decreases

The E field between the capacitor plates:
Increases Remains Constant Decreases

The potential difference between the capacitor plates:
Increases Remains Constant ~ Decreases

The total energy stored in the capacitor:
Increases Remains Constant ~ Decreases

The potential difference across the resistor:
Increases Remains Constant ~ Decreases

The current through the Resistor:
Increases Remains Constant Decreases

The power dissipated by the Resistor:
Increases Remains Constant Decreases

Begin with the same differential equation as before and rewrite the equation in terms of the voltage on
the resistor. We should get the same quﬁon as before. Separate and integrate.
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Now, given that we have an expression for the voltage on the resistor, find an expression for the voltage
on the capacitor.
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The graph shows the voltage vs. time for a capacitor as it is discharged

(separately) through three different resistors. Rank, in order from A%
largest to smallest, the values of the resistances R; to R;. Explain your
reasoning. ‘ . .
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The capacitors in each circuit are discharged when the switch closes at t=0. Rank, in order from largest
to smallest, the time constants t; to s with wich each circuit will discharge. Explain your answer.
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A 6V battery is used to charge a 2uf capacitor through a 1002

R
resistor. _‘AAA ./

a) Find the initial current just after the switch is closed. At this
moment, what is the potential difference across the resistor? v - - C

b) What is the final current after the switch has been closed for a
long time?

¢) What is the final potential difference across the capacitor and
how much final charge does it carry?

d) How much time is required for the capacitor’s charge to reach 90% of its final value?
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A capacitor is being discharged through a resistor R. The capacitor’s initial switch

charge is Qq.

a) After how many time constants is the charge on the capacitor one fourth of its R —C

initial value?

b) The energy stored in the capacitor decreases with time as it discharges. After how many time
constants is the stored energy one fourth of its initial value?

¢) After how many time constants is the current in the RC circuit one half of its initial value?

d) A 10 pf capacitor is charged by a 10V battery through a resistance R. The capacitor reaches a
potential difference of 4.0V in 3.0 seconds after charging begins. Find R.
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In the circuit shown at right, the capacitor is originally uncharged with
the switch open. At t= 0 the switch is closed. Write your answers in 1
. . c—
algebraic form until part (c). v .
(ideal) 'i/ é R, 2
a) What is the current supplied by the battery just after the

switch is closed?
b) What is the current a long time after the switch is closed?
¢) After a long time, the switch is opened. How long does it take for the charge on the capacitor

to decrease to 10 percent of its value at t =t if Ry = R, = 5 kQ and C = 1.0 pF?
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~ Show that only half the total energy drawn from a battery in charging an RC circuit ends up stored in the
capacitor. Hint: What happens to the rest? You will need to integrate!

power  deliyeved Ly the battery (51 pP=1/T

Jd _
ar. if_é‘ = V7 ) Batltery yoltage (s constant
Bﬁf I:‘Ze»%c

. ;/U ‘%?C Yk,
SO ‘072“3 VZ,e => &)U: V7,e ”C/f

100
7

> Ui (-hee™ [ =

\_7(/{:/?(/(/12/ a:%‘

Uk Slp |

So tue batley Jolivesss 1y -yt

2

: - !
Em.e 9""7)/ jfﬂ@z/ (m <ttbe /7/0 ry s M < é[V

TL€ post 1J //'ng,mfpo(
tw@”ujl\ the res;)s for.



