Physics 133 Problem Set #4 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!

4.1 a b,and ¢) Most of the charge on each object ends up near points a and d with lesser amounts on therest of the facing
portions and almost none on the back portions. The equipotentials and
fields should look something like as shown at right. Explain why in terms
of strengths, mutual perpendicularity, the altitude analogy with electric
potential, etc.

d) We aretold, in effect that the upper right conductor is 327 mV higher in
potential than the lower left conductor. You supply the rest of the
argument.

Answers:V, ! V, = +327 mV

V1V, =0V
V.1V, =1327 mV

f) ThisreducesQto 575 uC so 'V = % =183 mv

g) By thesamelogic asin partd, wewould find V, ! V, = +183 mV

h) Thiswould increase the potential difference because the same charge still produces asimilarly strong electric field
between the “plates” of the conductor, but over alarger distance since the plates are farther apart. Therefore, what
happens to the capacitance?

i) With the conductors close together, it takes more charge to produce the same potential difference. Another way of
saying the same thing is that, for a given potentia difference, less charge will be required when the plates are farther

apart.
4.2 @ !V =Ed=(100 V/m)(100 km) =10 MV
b) From the result for the electric field near the surface of a conductor, find ! =" E = 885 pC/m?

0 Q=!/A=!(4"R)=045MC
d) C=%=45mF

e U=1Q!'V=23" 10%J=23TJ
ab
k.(a! b)
ab 4R _$A
k.(a! b) d d

f) Witha=R,andb =R, + 100 km, find C = =46 mF. (Not quite the same as part d, but close!)

g) When a! b! R, andwith a! b=d,find C=

4.3 a) (You should draw asequence of simpler diagrams. | will simply describe.) Each of the three sets of three series
capacitorsis equivaent to C/3. They yield three parallel C/3 capacitors with an equivalent capacitance of C. Itisin
parallel with another C for an equivalent of 2C. The other two (rightmost) capacitors are in parallel and are also
equivalent to 2C. That leaves two 2C capacitors in series for an overall equivalent capacitance of C.

b) Wefind atotal charge of C(12V). Working backwardswe find that this same charge is carried by the two parallel
capacitors on the right and the equivalent capacitance of the ten capacitors on the left. Thus each of the two
capacitors on the right carry half that charge and, therefore, have a potential difference of 6 V. Similarly, the
capacitor on the lower left also has a potentia difference of 6 V. That means that each of the nine remaining
capacitors has apotential difference of 2 V.

Summary: The nine capacitors in the upper |eft each have a potential difference of 2.0 V. The other three each have
apotential difference of 6.0 V.

AIM:3/24/07 Page 1 of 2 Problem Set #4 Guide and Answers



¢) Shorting out the top left capacitor would increase the capacitance of the two remaining series capacitors to C/2.
Every other combination down the line would increase as aresult. The actual final result would be 22C..

d) Shorting out the bottom right capacitor would also short out its parallel partner leaving only the 10 capacitors on the
left side of network which we already know has a capacitance of 2C. An obviousincrease.

4.4 &) The equivalent capacitance is 1.0 pF, so the charge onitis 18 uC. Thus, each capacitor carries 18 uC (why?) and
'V, =12.0V,!V,, =4.00V,!V,, =2.00V.
b) Make sureyou have drawn agood picture. If you do you will see that the negative plates of the 1.5 and 9.0 uF
capacitors are at the lowest potential and the positive plates of the 1.5 and 4.5 uF capacitors are at the highest
potential. Thus, for equilibrium we must have ! V,, +! V,, =1V, (why?) where the primes indicate the new

potential differences. But charge conservation requires that the total charge on the two positive plates add up to the
36 UC that was already there and so on for the other two connections. In other words, g, +d, = 36uC and

0,5 = Qs - Thesetwo equations along with the previous one (with ! V,, = %o etc.) allowsyou to find the three

9.0 uF

new charges and, therefore, the new potential differences. You should find
IV, =8.00V,!V,, =533V,!V,, =267V
45 a) Combinein paralel and series to find an equivalent capacitance of 6.0!uF. Work backwardsto find:
3.0 uF: 6.7V and 20 uC 6.0 uF: 3.3V and 20 uC 4.0 uF: 10V and 40 uC
b) U=1C,(!V)’ =300 puJ
¢) The3 uF capacitor is now shorted out so it carries no charge. Thetwo top plates of the4 and 6 yF caps must now
carry the total equivalent charge of +60 pC and they must have the same potential difference. In equation form we

have
- G _ Y%
+q, =60 uC and < ==
q6 Q4 IJ 6 4
Solving for gs and g, and using them to find ! V'swe find
30uF OVandOuC 6.0 uF: 6.0V and 36 uC 4.0 uF: 6.0V and 24 uC

d) Evidently, 6.0 V!
€) We now have two capacitorsin parallel with C,, =10 uF storing the same amount of charge as before, g =60 uC,

&)UZ% =180 uJ.

a
Ceq
4.6 @) Thisiscompletely straightforward (if alittle tedious!) once you see that the circuit is completely equivalent to that

shown below right. (You do need to keep extradigits to guard against round off error. It'sbest to store intermediate
results in storage locations on your calculator to avoid wasting time writing them down.) The equivalent capacitance

is 4.80 uF . Thus, the energy storedis U = 1C,, (! V)* =220 mJ.
b and c) Working backwards| find

C(HF) q(uC) 1V (V) U (ud) 5.3UF Ji L
53 30.9 5.82 90 I 34uF 29 uF
7.7 UF

30V

7.7 30.9 4.01 62
34 334 9.83 164 1L8pF
29 285 9.83 140 46UF T
4.6 92.8 20.2 936
18 54.0 30.0 810

d) Adding up the entriesin the last column we find a total energy of 2.20 mJ as oV

found in part a. (Note, there is some round off error in the next digit.)
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