Quiz 2 (compiled : 2026/04/29 at 21:38; version 1

Name: Student ID:

Problem 1: A set of light strips is sold with three strips and one battery to power them. Each light strip consists
of N identical light bulbs, each lightbulb having resistance R, attached one after another on a wire as shown in the
figure below. The battery supplies a voltage £. The ends of the light strips can be connected to each other, or to
either end of the battery. A designer is thinking of the different ways the strips can be wired together.
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Using (B) to represent each of the strips, the designer considers the following designs, some of which
don’t use all three strips:

A B C D E F
Before getting into the specific questions, one should consider what could have been garnered just from the problem
start. We are given 4 components: three strips each of resistance N R, and one battery with voltage £. We are told
that they can be, and indeed will be, wired together. It is only natural to consider the designs, most of which are
listed above. Omnce one has a single battery and a group of resistors, there is only one thing to do: compute the

equivalent resistance and use that for whatever one might want to figure out.
In circuit A, the two strips are in parallel, so the equivalent resistance is
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In circuit B, the three strips are in parallel, so the equivalent resistance is
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In circuit C, the two strips are in series, so the equivalent resistance is

Reqc = NR+ NR =2NR.
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In circuit D, the three strips are in series, so the equivalent resistance is
Reyp=NR+NR+ NR=3NR.

In circuit E, there are two resistors in parallel, followed by one in series, so the equivalent resistance is

1 3
Req,E: ﬁ'i‘NR:iNR.

NR " NR

In circuit F, there are two resistors in parallel, preceded by one in series, so the equivalent resistance is

Req,F - NR+ % - ;NR
NR T NR
(Places where similar computations came up in DLs: FNT 1 at the end of DL3, Activity 5.12 in DL4, and the Mock
Quiz from DL5.)
If you did not come to the quiz having worked this out, or at least thought about how you would work it out, I
would unfortunately say you did not sufficiently analyze the problem start.

(a) For each of the following pairs of designs, compare the total power of the lightbulbs involved.
(Hint: The power for a group of components can be computed using equivalent resistance, P = (AV)?/Req = I’ Rey)

e Aand B: (O Ps>Pp ®Pa<Pg O Ps=Pp (O Cannot be determined
e Cand D: ®Pc>Pp OPoc<Pp O Fo=Pp (O Cannot be determined
e Band E: QRPg>Pr O Pg<Pg O Pg=Pgr (O Cannot be determined
e Fand F: (QPg>Pr O Pg<Pr ®Pg=Pr (O Cannot be determined

It occured to me we did not explicitly cover how computing power interacts with computing equivalent resistance,
hence I gave a hint to make sure that was something you're aware works as one might naively expect.

In this case, the voltage across the equivalent resistor is always £, so the only thing changing is equivalent resistance.
Using the formula for power in terms of voltage and resistance, one finds that a higher equivalent resistance leads to
a lower power.

From this, one directly deduces

Reqa > Reqp = Pa < Pp
RC%C < ch,D — PC > Pp
ch,B < ch,E — Pp > Pg
ch,E - ch,F — PE = PF

(b) Suppose £ =120 V, R =10 Q, and N = 10, determine the magnitude of the current through the battery in
design E. (Round to 2 decimal places)

| IE pat| = 0.80 A

This comes from a direct computation, e.g. starting with a loop rule

& 2E 2-120

E—IRyqp=0 = I = = = A =0.80 A.
" SNR 3NR 3-10-10
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(c) Select all expressions that could be a magnitude of the voltage difference across an individual lightbulb in one
of the designs above:

U % X % % % e Il % 0 % X 3% X g—f, 0 % U %

This is the only part that does not have an immediate solution from finding equivalent resistances, and is the only
part I'd say shouldn’t have been ‘expected’ given a problem start about lightbulbs.

First, one finds the possible voltage differences across a whole strip. In designs A and B, the voltage differences
across each strip are £. In designs C and D, the voltage difference is split between the resistors, having £/2 and £/3
per strip.

Designs E and F are more subtle. The current splits in half for the pair of resistors in parallel, so the voltage drop
across the parallel part is half of the voltage drop across the resistor in series with the battery. Since the total voltage
drop is &, it must be split into £/3 for the parallel resistors and 2€/3 for the resistor in series with the battery.

But you were asked about individual lightbulbs, rather than whole strips. With N lightbulbs in series on each
strip, the voltage difference is split between them, so one divides the found values by N. If one made only this
observation and eliminated the answers that did not depend on N, that would already be enough to get 60% of the
credit for the question by marking 4 correct and 2 incorrect answers that involve N.
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Problem 2: A capacitor with capacitance C' is wired ‘in parallel’” with a resistor R;. If the capacitor starts
discharged, then the battery with voltage difference £ would charge it.
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Seeing a circuit with multiple loops and a capacitor, two thoughts should pass through ones mind: I should write
down loop/junction rules, and I should figure out the initial and equilibrium values.
With the junction rule Iyattery = Ir, = Ir, + Ic, one finds the loop rules for the top and outer loop

E—Ip R — (Ir, +Ic)R2 =0,
£-Q/C — (In, + Ic)Rs = 0.

Initially, the capacitor is discharged, so @) = 0. This leaves two equations with two unknowns, which can be solved
to find
IRl - 07 IC - IRQ - Ibattery - g/R27
which one should expect as the branch with the capacitor has no resistance, so all the current goes around through

that branch and through resistor Ry. Resistor R; is not yet involved.
At equilibrium, the capacitor is charged, so I = 0. This makes the first equation have only one unknown, which

can be solved for

&
Ry + Ry’
One could further use these solutions to make deductions about voltage differences, or make plots, but I will comment
on that once we get to it below.

If you did not come to the quiz having worked out the initial/equilibrium conditions, or at least thought about
how you would work it out, I would unfortunately say you did not sufficiently analyze the problem start. In fact,
every part (except perhaps the time constant, which I will comment on below) is something that one could have

deduced before coming to the quiz.
(a) At the moment when the capacitor is still discharged, what is the current through each of the components?

(Hint: Capacitor discharged means Q = 0.)
e Battery : OO0 O€& lefﬁz O¢& RI%;FR}EQ O R% ® R% O le‘ T
e Resistor 1: ®0 Ogﬁfﬁz QE% ORL1 OR% Oﬁ
e Resistor2: OO0 O SR]?JrRI%Z O S%TR? O p% ® p% O ﬁ

: . R1R Ri1+R £ £ &
e Capacitor: (OO0 OER11+R22 Og}%lez OR_1 ®R_2 O—R1+R2

]R1 - IRQ — Ibattcry -

This directly follows from the solutions for the current given above.
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(b) After a long time, when the capacitor is fully charged, what is the magnitude of the voltage difference across
each component? (Hint: Capacitor fully charged means I qpacitor = 0)

e Battery : 00 ®& O&plty Ofply Q&R O&R
e Resistor 1: Q0 O& @&ty Oy OEE O&R
e Resistor2: 00 O& Ofply Q&g OEE O&R
e Capacitor: Q0 O @&y Ofgpsm OER Q&

The voltage for a battery does not change, so it is still £. T was R to see that only 60% of the students answered
this correctly, as the figure labels the battery with £ and even the formula sheet states AVjatery = €. Please review
Activity 5.17 of DL7 for how voltages work in a charging circuit, where you used the constant voltage provided by
the battery to deduce the plots for the capacitor’s and resistor’s voltages.

For the resistors, one can use |AV| = |[IR| to use the solutions for the current to find their voltages.

The capacitor is in parallel with resistor 1, as stated in the problem start, and so has the same voltage.

(c¢) Suppose € =120 V, R =10 Q, Ry =10 Q, and C =5 F.
What is the half-life corresponding to the charging process? (Round to two decimal places)

tijg = See soln. S

Though I did not realize this at the time of writing the quiz, this question is a more subtle than I expected. Given
the conventional wisdom shared in lecture and in DL, one would expect 7 = RoC, since the loop through which the
capacitor is Charged is the one only with Ro. However, this turns out to be wrong, and one must be careful to find
that 7 = + ————C instead. (To get the half-life, one simply multiplies by In(2) as on the formula sheet.)

RR2

Given the question’s difficulty departed from that of the lecture and DL material, I have made the following
decision. This question is excluded from the grading for all students, and the grades will be curved as though it did
not exist. However, to reward those students who approached it the intended way (using Rs) or the correct way

(using ﬁ), they will receive +1 point. I hope you agree that this compromise is more fair than dropping the
1 2

question entirely, or grading it directly. (Of course, the fairest option would have been for the question not to exist
in the first place, but it is too late for that. I apologize for the oversight.)
Here are three ways to reach the correct answer in increasing order of efficiency:

1. Rearranging system of equations to find ‘exponential decay’ expression
The system of equations above can be rearranged as

E—IcR
E—IcR _c—cn2
{E—IRlRl—(IRl—l-IC)Rz:O, . Ig, :ﬁ’ N Iry Ri+ Ry’
_ _ - E—IcR
E-Q/C-Un +1)B2 =0 g _Q/c— (I, + Ie)Ra=0. | -Q/C— (E2C2 1 1Ry =0
R+ Ry
from which one finds P RO
+ 112 1
Io = — £ -Q).
7 RiRy,C < Ry + Ry Q)
Then, one can identify \ = R}%j}{? and thus 7 = RI?iRﬁg'
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2. Using difference between equilibrium values and the initial rate of change Recall from lecture, albeit I told you
that you should not need it, that one can deduce

initial rate of change

~ initial difference from equilibrium’

Using what we computed for parts (a) and (b), one finds that

Iy &/R Ri+ Ry R Ry
A= = — 7=—C.
Qeq & R?i%g R1RC Ri + Ry

3. Ignoring the battery, since it only changes equilibrium value

In Mock Quiz 6(e), one found that the strength of the pump did not affect the time constant of the exponential
decay in the fluid system. Similarly, the battery does not affect the time constant for exponential decay in a
circuit. (This is why the time constant for charging/discharging circuits is the same!)

If one ignores the battery in the circuit, one can identify that Ry and Ry are in parallel relative to the capacitor,

and thus Req = % is the correct resistance to use in the 7 = RC formula.
R TRy

(d) For the graph below, the horizontal axis denotes time, with the capacitor discharged at ¢ = 0. Which of the
following quantities could be the ones plotted on the vertical axis?

U |Avbattery| bd |Ibattery|
U |AVg,| U |1, |
b |AVR,| B |7, |

U ’ A‘/c:aupacitor | U | Icapacitor | _______________________________
0

This is again a question about initial and equilibrium values, rewritten in terms of a graph. We are looking for
quantities that decrease their magnitude, but do not go all the way to zero.

The battery’s voltage is constant.

Resistor 1’s voltage starts at zero.

Resistor 2’s voltage fits the description.

The capacitor’s voltage starts at zero (matching resistor 1 as they are in parallel).

The battery’s current fits the description.
Resistor 1’s current starts at zero.
Resistor 2’s current fits the descrpition.
The capacitor’s current decays to zero.
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