Homework set 4 selected solution

P 3-17 ¢) If a 10-(mm) thick plexiglass is inserted between the plates, what is the maximum

voltage that can be applied to the plates without a breakdown?

Solution)
Breakdown voltage:
V, =E,da+ Epdp (a:air, p: plate)
Since D, = Dp =gk, =5Ep =E, =£Ep :grEp =3Ep
&o

= E, > E, (Higher field is applied in air)

=20kV /mm = Breakdown occurs in air first.

Since Ebreak,air = 3kV/mm, Ebreak,plate
Therefore
Ebreak,air 10
Vy = Epreai airda +———dp = 3kV /mm 40+? =130kV

P 3-27 A parallel-plate capacitor of width W, length L, and separation d has a solid dielectric

slab of permittivity & in the space between the plates. The capacitor is charged to a voltage V,

by a battery, as indicated in Fig. 3-32. Assuming that the dielectric slab is withdrawn to the

position shown and the switch is opened, determine the force acting on the slab.

Solution)

Total capacitance C:

C:Cd+Ca:g);—W+ (Loxw _ W{ex+gO(L X )}

d
Charge on the plate when witch open:
Q = CVO
Stored electric energy:

1 VS w
We ZECVOZ —7E{Q(+SO(L X)}

Force acting on the slab by method of virtual displacement
VW

~ 0 V
Fy =-VW, =-% ~ 75{5X+30(L x)}} BT
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