Assignment 5; Phys 186 Name

1. (20 points) Here is a simplified (oversimplified) model of a circuit for a camera flash.
The resistance R; is considerably larger than Ry;. When the switch is at a, the capacitor
C slowly recharges. When the switch is at b, C' rapidly discharges.
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(a) Say the switch remains at a for a long time in order to fully charge up the capacitor.
This is a “long time” compared to what?

(b) What is the power dissipated by Rs immediately after the switch is flipped to b?
Explain, using this, why a flash requires a small value for R,.

(¢) Say C' =12 pF, and Ry = 0.21 Q. How long will it take for the capacitor to discharge
90% of its starting charge?



2. (30 points) You have a capacitor (its capacitance is not important), a switch, wires,
a 15.0 V DC battery, a 5.0 € resistor, and a device that behaves like a 10.0 €2 resistor.

(a) You want the voltage across your device to behave like the following graph after you
close the switch; starting at 0.0 V and gradually going up to 10.0 V:
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Draw a circuit diagram for the circuit that will do this. Write the junction and loop
equations and show that immediately after you close the switch and a long time after
you close the switch, the voltage across your device will be 0.0 V and 10.0 V.



(b) Let’s say that instead of the situation in (a), your device requires a voltage graph
looking like the following, starting at 5.0 V and gradually going up to 10.0 V:
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You can accomplish this by adding an extra resistor R to the circuit that you had for
(a). Draw the circuit with the extra resistor R, and use loop and junction equations
to calculate the value of R for which the voltage across the device will be 5.0 V
immediately after closing the switch and 10.0 V a long time after.



3. (50 points) A capacitor stores energy in the electric field between its plates. It takes
time for the field to change, so the voltage across a capacitor can’t change instantaneously.
But the current through a capacitor can change instantaneously, for example when you
open or close a switch. All this means that if you have a capacitor with zero electric field,
its voltage at that instant has to be zero, but its current can be anything. But when the
electric field is at its maximum, the voltage across the capacitor will have the appropriate
value, but the current now will have to be zero.

I now give you a device I will call a zinglschritt. A zinglschritt stores energy in the
magnetic field in its coils. It takes time for the field to change, so the current through a
zinglschritt can’t change instantaneously. But the voltage across a zinglschritt can change
instantaneously, for example when you open or close a switch. All this means that if you
have a zinglschritt with zero magnetic field, its current at that instant has to be zero, but
its voltage can be anything. But when the magnetic field is at its maximum, the current
through the zinglschritt will have the appropriate value, but the voltage now will have to
be zero.

You then have the following circuit that builds up or brings down the magnetic field
in a zinglschritt, depending on whether the switch is at position a or . The rectangle
represents your zinglschritt.
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(Questions start on the next page.)




(a)

You start with no magnetic field in the zinglschritt, with the switch neither connected
to a nor b. Then you connect it to a. Immediately after the switch is set to a, what
is the current through the zinglschritt, and the voltage across the zinglschritt? You
then wait a long time, so that the magnetic field reaches its maximum value. What,
then, is the current through the zinglschritt, and the voltage across the zinglschritt?
Make rough sketches of how the voltage and current depend on time, with ¢ = 0 as
the time you set the switch to a. Explain your reasoning, or provide calculations.

After having built up the magnetic field in the zinglschritt with the switch at a for
a long time, you then flip the switch to b. Immediately after the switch is set to b,
what is the current through the zinglschritt, and the voltage across the zinglschritt?
You then wait a long time. What, then, is the current through the zinglschritt, and
the voltage across the zinglschritt? Make rough sketches of how the voltage and
current depend on time, with ¢ = 0 as the time you set the switch to b. Explain your
reasoning, or provide calculations.




(¢) You now have the following circuit, which includes a zinglschritt. The switch has
been open for a long time. You then close the switch at time ¢ = 0. Calculate the
voltage across the 10 €2 resistance at time ¢ = 0, when the switch has just closed, and
then the voltage after a long time has passed and the magnetic field in the zinglschritt
has reached its maximum value. Then sketch a graph of how the voltage across the
10 €2 resistance depends on time.
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Extra Problems (not graded)

4. (0 points) In the classroom, we discussed the following circuit for discharging a
capacitor. The capacitor is fully charged at first, with voltage V} across it, when the switch
is open; when the switch is closed at time ¢ = 0, the charge starts to decline. We also
discussed that since the current in the circuit after the switch is closed is due to the charges
on the capacitor plates moving away, that the larger the current, the faster the capacitor
will be discharged. Since a larger resistance R means a smaller current, the capacitor will
take longer to discharge, with the current through the capacitor I (t) = I¢(0) e /¢ and
Ic(0) = Vo/R.

Now say you have two identical resistances, both R, which you hook up (1) in series, and
(2) in parallel, and you replace your original R with these two two-resistor configurations.

(a) Draw a diagram for each circuit, (1) and (2). Write down junction and loop equations
for each circuit.



(b) Find expressions for I-1(0) and Ic2(0), the currents through the capacitor at time
t = 0 for each circuit, in terms of variables such as V4, R, and C'. Which circuit,

therefore, will discharge faster?

(c) Compare your result in (b) to the single-R circuit. All that has changed is the
effective resistance values that appear in I-(0); after all, C' is the same. So, by
analogy, write down expressions for I (t) and Ioo(t), for all times ¢. (Ask me for
help if you need it!) Qualitatively sketch a graph of these two currents versus time,
representing both currents on the same graph.



5. (0 points) Just before the switch is closed, the capacitor in the following circuit is
completely discharged. You then close the switch.
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(a) Find the currents through all the resistors immediately after the switch is closed,
before the capacitor has any time to charge up at all.




(b) Find the currents through all the resistors a very long time after the switch is closed,
after the capacitor has completely charged up.

(c) Sketch qualitative I vs t graphs for each of the currents. The switch closes at t = 0.
(I; is the current through the 1 resistor, I is the current through the 2 resistor,
and I3 is the current through the 3 resistor.)
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