Physics 133 Problem Set #6 Guide and Answers Professor Mallinckrodt

Please note that (except where otherwise noted) these are decidedly not intended to model “good” solutions; you would need
to add figures and lots of words of explanation. They are intended to help you work through problems that you may have had
trouble with, not to demonstrate superior quality writeups. Please come see me if you have further questions. Thanks!

6.1 a) D getsthe same voltage as the other combination of three bulbs (why?). Thus, D gets more current and is brightest

6.2

6.3

b)

©)

a)

b)

d)

(why?). A gets twice the current of B (why?) so it isbrighter. Result: B=C (why?) <A <D

Now less current flows from the battery (why?). Thus, it has agreater terminal voltage (why?) So D goes out, but
every other bulb gets brighter.

Again the terminal voltage goes up (why?) and, thus, D will get brighter. Assuming however, that the terminal
voltage doesn’t go up too much, the current through the remaining A-C path will be smaller (why?) and A will get
dimmer. Bulb C will now be just asbright as A (why?) and brighter than it was before. (Note: These last results are
not obvious, but it is not too hard to do the circuit analysis required to show that they are true in general. Such an

K o'
analysis shows that, before removing bulb B, the current through Ais |, = 2! §1+ §L%’
3R 3R&

K S
is 11, and that, after removing bulb B, the current through Aand Cis |, = 1'—§1+ §L/°
2R 2 R&

and the current through C

. Itisnot too hard to
show that |, >1, >11 for all values of % and that, therefore, A gets dimmer and C gets brighter.)

Combine successively in parallel and series (and show a separate diagram for each step!) tofind R, =12 ! .

P =V2/Req =192 W

R(') | /v(v) | T(A) | PW)
5.0 20 4.0 80.0

8.0 16 2.0 32.0

10 12 1.2 144

14 28 2.0 56.0

15 12 0.8 9.6
Total 192

See at right. (The one diagonally oriented
resistor doesn't look as good as it could in
perspective, but maybe you get the idea.)

It would have 28 V across it (why?) and, thus, store 560 uC of charge. It would make no difference on the resultsin
parts a through d (why?).

Calling the current downward through the 6 V battery |, and upward throughthe 6 ! resistor |, (up through 12 V),
going around the small left loop CCW and around the outside loop CW we would get the two loop equations as

16V!1,(90")1,(60")=0 and  6V! (I,!1,)(30")! 12V+,(9.0" )=0
Solving for the currentsweget |, =2/11A=0.182A and I, =114/11A =-1.273A.
(IMPORTANT: For your solution, pick different currents to call |, and |, and/or pick your loops or directions of

travel differently!)

| find (and so should you) that a current of 0.182 A runs from high to low potential through the 6 V battery (i.e., itis
being charged), a current of 1.45 A runs from low to high potential through the 12 V battery, and a current of 1.27 A
runsfromthe3 ! connectiontothe9 ! connectionthroughthe 6 ! resistor.
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6.4 a) Calling the current from left to right throughthe8 ! resistor | and going CCW around the | eft loop and around the
outside loop we get the equations:

128 V! (80" )+8A(6.0" )! #=0 88V
(1+8A)(40! )+8A(60! )" #=0

Solving for “and | weget / =60V and | =! 50 A.
(IMPORTANT: Asin the previous problem, | would like
you to assign currents differently and/or use different
loops.)

See the diagram for currents.

b) Thediagram is shown at right.

¢) Everything checks out!

d) Supplied power =620 W (Show the calculations!!)

€) Dissipated power = 620 W (Show the calculations!)
The powers are equal as expected.

6.5 Use the hint to show that ! V acrossthe 12.0 ! resistor is12 V and that the upper terminal of the resistor is at higher
potential. Thus, acurrent of 1.00 A flows “downward” through that resistor. Then look at the upper left loop and
show that " must be 12.0 V. Finally, look at the lower loop to show that the voltage across R must be 18 V and that
the left hand terminal is at higher potential. Thus, given the power it is dissipating, the current must be 3.0 A to the
right. Now you can easily show that the resistance must be 6.0 Q. If you haven't already done so, draw a circuit
diagram and label it with all of the currents, voltages, and resistances you have determined. It will then be easy to
show that V,, =-6.0 V and that V, =V, = 12.0 V. Also show (using the junction rule) that the (previously) unknown
battery is being charged with a current of 2.0 A.

At this point it will be simple to show that the 18 V battery supplies 108 W while the 12 V battery absorbs 24 W.
That leaves 84 W to be dissipated by the resistors. Show that that iswhat they do!

Thisisareally great problem for solidifying all sorts of important ideas about current and voltage, resistance,
Kirchhoff’srules, etc. Make sure that you totally understand the solution and that you could do another one like it all
by yourself.

6.6 a) Throw left: capacitor charges (through which resistor?) Throw right: capacitor discharges (through which resistor?)
b) ! =100 ms (why?)
c) Q=316 mC(why?) and V =632V (why?)
d) ! =250 ms (why?)
e Q=212mC (why?) and V =424V (why?)

6.7 @ V,=!/=12V (why?). V, =V, =0 (why?)
b) 1,=3.0A (why? Hint: What isthe p.d. acrossR,?), 1, =3.0 A (why? Hint: What is the p.d. across R,?)
I,=0.0 A (why?)
c) Thus, | =!3.0 A (why? Hint: Think about the junction rule!) 1, =+6.0 A (why? Same hint!)

d) C,. (why?Hint: Look at the currents running to each capacitor.)

€) Now no current flows to or from the capacitors (why?) so there is only one path for current and it has a resistance
R,+R,=6.0! (why?). Thusthe battery current is2.0 A and wefind I, =0.0A (why?)and I, =1,=20A

(why?).
f) Nowwefind | =1, =2.0A. (why? Hint: Think about the junction rule.)

g) Wefindthat Q, = 320 uC (why? Hint: What is the voltage across R, and how does it compare to that across C,?)
and that Q, =80 uC (why? Hint: What is the voltage across R;?)
h) We need to wait long enough to charge the capacitors to their steady-state values. Capacitor C, charges more slowly

and eventually gets more charge. It initially charges at arate of 3.0 C/sand if it kept that up, it would only take about
100 us tofully charge. But we expect that current to exponentially drop so we need to wait several times that long,

say 500 us?
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