Home Work 4

4-1 Figure 25-30 shows a variable "air gap" capacitor of the type used in manually
tuned radios. Alternate plates are connected together; one group is fixed in position and
the other group is capable of rotation. Consider a pile of n plates of alternate polarity,
each having an area A and separated from adjacent plates by a distance d. Show that

this capacitor has a maximum capacitance of - — s g
d

4-2 A parallel-plate capacitor has plates of area A and separation d and is charged to a
potential difference V. The charging battery is then disconnected, and the plates are
pulled apart until their separation is 2d. Derive expressions in terms of A, d, and V for
(a) the new potential difference, (b) the initial and final stored energy, and (c) the work
required to separate the plates.

4-3 In Fig. 25-33, a2 20.0 V battery is connected across capacitors of capacitances C; =
Cs=3.00Fand C3=C5=2.00C, =2.00C, =4.00 1 F. What are (a) the equivalent
capacitance Ceq of the capacitors and (b) the charge stored by Cey? What are (c) V1
and (d) q; of capacitor 1, (e) V-, and (f) g, of capacitor 2, and (g) V3 and (h) gs of
capacitor 3?
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FIG. 25-40 Problem 24.
FIG. 25-33 Problem 17.



24.40 -- BID Potential in Human Cells, Some cell walls in the
human body have a layer of negative charge on the inside swface
and a layer of positive charge of equal magnitude on the outside
surface. Suppose that the charge density on either surface is
=0.50 % 1077 C/m", the cell wall is 5.0 nm thick, and the cell-
wall material is air. (a) Find the magnitude of E in the wall
between the two lavers of charge, (b} Find the potential ditference
between the inside and the outside of the cell. Which is at the
higher potential? {¢) A typical cell in the human body has a volume of
107"® m®, Estimate the total electric-field energy stored in the wall
of a cell of this size. (Hini: Assume that the cell is spherical, and
calculate the volume of the cell wall) (d) In reality, the cell wall is
made up, not of air, but of tissue with a dielectric constant of 5.4.
Repeat parts (a) and (b) in this case.

24.50 === BEID Cell Membranes. )

Cell membranes (the walled enclo- Figure P24.50

sure around a celly are typically 7.5 nmm

about 7.5 nm thick. They are par- ‘|( Dutside axon
tially permeable to allow charged ! L =
material 1o pass in and oul, as  — _ﬁ.tfn:nclnbian_: R
needed. Equal but opposite charge T Insice axon
densities build up on the inside and

outside taces of such a membrane, and these charges prevent addi-
tional charges from passing through the cell wall. We can model a
cell membrane as a parallel-plate capacitor, with the membrane
itself containing proteins embedded in an organic material to give
the membrane a dielectric constant of abour 10, (See Fig, P24.50,)
(#) What is the capacitance per square centimeter of such a cell
wall? (b) In its normal resting state, a cell has a potential difference
of 85 mV across its membrane. What is the electric field inside this
membrane?

24.66 = An air capacitor is made by  Figure P24.66
using two flat plates, each with area A,

separated by a distance . Then a |
metal slab having thickness o (less
than d) and the same shape and size as @
the plates is inserted between them, 4
parallel to the plates and not touching |

either plate (Fig. P24.66). (a) What is

the capacitance of this arrangement? (b) Express the capacitance as
a multiple of the capacitance Cy when the metal slab is not present.
{¢) Discuss what happens to the capacitance in the limits ¢ — 0
and a — d.
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