Physics 315 Homework #6 Guide Professor Mallinckrodt

Please note that these “ Guides” are intended to go only part way toward a properly “presented” set of solutions. You should
be able to fill in the blanks with drawings, equations, and additional explanation as necessary. If you can’t, do not hesitate to
come see me.

Special Problem

a) Thedissipation in thiscircuit is controlled by the longer of the two possible time constants— 7. ~ RC = 60 us or

"on

I ~L/R=167us. Thefactthat /| >!. meansthat the LC oscillations (at frequency ! =+/1/LC :\/1/ e

are underdamped and will die out with atime constant determined by ! . Thus, “along time” means, anything
greater than about half a millisecond or perhaps a“full” millisecond!

b) You should be able to bootstrap your way through the circuit using Kirchhoff’s junction and loop rules and the fact
that V. and I don’t change instantaneoudly to show that V, =V, =36 V andV, =V, =0V and that a current of
6.0 A flows around asingle loop.

¢) Similarly you should be able to bootstrap your way through the circuit using Kirchhoff’s junction and loop rules
and the fact that, at steady state, no current flows to a capacitor and no voltage drop appears across an inductor to
show that V, =36V andV,; =V, =V, =24V, that acurrent of 4.0 A flows through the battery and that it splits

into equal amounts through the top two resistors.
d) Similarly you should be able to show that V, =12V, V, =0V, and V; =V, =24V, that no current flows through

the battery, 2.0 A flows through to the right through the top resistor and also through the middle wire, and that
4.0 A flows to the left through the bottom resistor.

84 @ Putthe chargeson the zaxis and let the xy-plane be the perpendicular bisecting plane. Explain why we must
integrate T Ida over the perpendicular bisecting plane with da=!daZ inorder to find the force on the upper

charge. Show thf;\t the electric field in the xy-plane at a distance s from the z-axis is given by

E= %‘%ﬁ . Now explainwhy F, = "('I!' !d:':ll)X = "(TxxdaX +T,,da, +szday) ="T da, . Next show that
T, =!,EE, and explain clearly and precisely why integrating over the xy-plane will produce F, =0. Do the
samefor F,. Now explain clearly and precisely how we get F, = ’—Z"#EZZ "EZ" Ej)d@ = +!E°#E2da, explain

2 % Sds

9 y— 5 - Finally, to perform the integral,
a2 +Sz)

a1

why we can now let da = 2zsds, and show clearly that F, =

either look it up or perform the variable substitution u = s* to get

_1( g 7 udu _ @ 1 a N 1 a _ o
F.=3 J‘ 2 3~ 2 27 [, 3du_ ) + 2 2 =+ 2
2\ 4ne, )2 (a +u) 8re, ¢ (a +u) (a +u) 8rne,| a*+u Z(a +u) 4re, (2a)
0
as expected!
b) Let the lower charge be the negative charge and, again, find the force on the upper charge. Be clear about which

parts of the argument are the same as before. Show, however, that thistime E, = E, =0 and
I!E—' q _ az _ Thus show that F, —!—°#(E2 "EX" Ez)d -_b ’da. (Beespecially certain to
) 2.1#0 (a2 +82)3/2 . z 2 Z X y % 2 #E . &Gp y

explain why you get a negative sign thistime, that you didn’t last time!) Now show that

- qzazf) sds :!E&qzaz)ﬁ(%)/ du - qzaz&! 1 ) 1 C]z
A iaz + 82)3 2( EEAT (0612 + u)3 8% E 2(a2 + u)z 44 (2a)
0
again as expected!
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8.6 3 Itshould besimpleto show that, neglecting the fringing field, the Poyntlng vector is uniform between the plates so
that the el ectromagnetic momentum in the space between the platesis p,, =/ U, (Ad) =/ EBAdYy.
b) The current flows along alength d in the +z direction (since the bottom plate is the positive plate.)) Thus, show that
the impulseis | |!:dt = (IBd y)dt =Bdyl | dt = BdQY where Q istheoriginal charge on the capacitor. Finally
show that Q =/ AE (where E isthe original field) so that theimpulseis / [EBAdy as expected. (Thisimpulse

will be delivered to the wire causing it and the capacitor plates to gain amomentum equal to that originally in the
electromagnetic field.)

¢) Now one must consider rectangular loops with long sides along the plates and area vectors in the x direction. Show
that, neglecting fringing fields (which is the same thing as neglecting the portion of the loop along the small

distance between the plates), Faraday’s law applied to one of these loopsgives ! "E dy+ " Edy=! Wd% .

top bottom

Now show that the force on the top plateis F, Eda=# QI "' E,dy wherel isthe length of the platein

Y tOp ' tOp y
top top

the x direction. Similarly show that the force on the bottom plateis F, = "/ E da= +QI " E,dy so

y,bottom bottom —y
bottom bottom

that the impulse applied to the capacitor is

F sotom + Fyop ) Yt = - | Edy+ E,dy 9dt:—’\ - dt |=+QdBy=¢,EBAdY,
(e )= 2 - [ ] e son= 243 2]

top bottom A

again as expected! (Be sureto pay very careful attention to the algebraic signs.)
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