Physics 142 - Hom'ework 4 Solutions

Ch. 26,Q: 3,9,11,15
Ch.26,P: 1,3,6,9, 13, 16, 17, 18,27, 31, 33, 44, 47
Questions:

Q3: For a seties combination the reciprocal of the total capacitance is equal to
the sum of the reciprocal of the individua! capacitances. This means that the
total capacitance will be less than the individual capacitances. For a parallel
combination the total capacitance is the sum of the individual capacitances,
meaning the total capacitance will be larger than the individual capacitances.
The larger the capacitance, the greater a charge can be buitt up for a given
voltage (since Q = C*V), so the parallel capacitors will be more dangerous.

QQ: It can be dangerous 10 touch the terminals of high-voltage capacitor even
after the potential has been turned off because the charge might still be on the
capacitors. To ensure that the charge has dissipated one could ground the
capacitors, or attach the capacitor to a resistor to dissipate the current.

Q11: We can write the energy stored in a capacitor as U = %CV2 , the

capacitance is fixed so when the potential is doubled, the energy is quadrupled.

Q15: The electric field inside a capacitor aligns the dipoles within the dielectric,
meaning the positive end of the dipole is force towards the negative plate of the
capacitor, and the negative end is forces toward the positive plate. In the middle
of the conductor the positive and negative ends from neighboring dipoles cancel
each other out, but on the surface of the dielectric there is a positive charge near
the negative plate and a negative charge near the positive plate. This effectively
reduces the charge on the capacitor.

P1: We know that Q@ =CV, 80
a) g=CV= (4.004F Y12V) = 48uC
b) Q=CV =(4.00uF 1.5V )=64C

P3: The charge-on the conductor will be evenly distributed on the sphere. First
we need to know total charge on the sphere, so we can treat the sphere as a
point charge and use Coulomb’s Law.

0
E=k =
8r2

Nm> 0
4.90x10* N/, =8.988%x10° —57— 7
/C c* (0.2im)

0 =0.244C
So to find the charge density, we divide the total charge by the surface area.




Q _ 0.24uC
o An(0.12m)°
The capacitance is given by equation 26.2

2

C =4me,R = 47{8_854x10“2 Afmz ](0.12m) =13.4pF

_133x10° 5
m

P6: We can treat the cloud earth system as a parallel plate capacitor using
equation 26.3,

c*  (1000m)’
m>  800m

Since we know the electric field between the earth and the ground is constant we
can find the potential difference.

AV = Ed =3.00x10° %—SOOm =2.40%x10°V

C=£0%=8.854x10“2 =11.1nF

0 = CV =(11.1x10™ F f2.40x10°V )= 26.6C

P9: We know the voltage, and the surface charge density (Q/A). We know the
following things.

A
C = EOE
0=CV
So by combing these equation
_Q_ == EU iﬁ_
1% d
: 2
d=e,——=|8854x107" C | Y 442m
Q/A Nm® ) 34 nC
2

cm

P13: We can use equation 26.6 10 calculate the capacitance

co_ (o.ozm)(o.mm) _15.6pF
k.(b-a) 8988x10 (0.14m~0.07m)

v =@ 300KC _ss6ry
C 15.6pF

P16: For capacitors in parallel the total capacitance is the sum of the individual
capacitances.

C, =C,+C, =5.004F +12.04F =17.00uF

b) Since the capacitors are connected in parallel, each must have the same 9.00
V.

0, = C\V =5.00uF(9.00V )= 45uC

c)




P17: |f the capacitors are connected in series.

Lt 1 v 1 028333
C.TC C, 500uF 12.004F
C, =3.53uF

It is easiest to do part ¢ next, then go back and do part b.

Q. = CiV =3.53uF 9V =31.8uC
The charge on each capacitor must be equal to 31.8 pC, so now we can go back
and calculate the voltage across each capacitor.

_Q :31.8uC 636V

=

C, S50uF
2 3L o6y
C, 1204F

To check our solution we note that V4 + Vo = 9.01V, so our solution is correct to
within some rounding era.

P18 In the second and third rows we can reduce the series capacitors to a
single equivalent capagcitor. So we have three capacitors in parallel with
capacitance of C,% C,and 1/3 C for the first, second and third rows respectively.
Since these are in parallel we can simply add the capacitance for a total
capacitance of 11/6 Cor1.83C.
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P31: We can use 26. 11 to calculate the energy stored in the capacitors.

a) U—EC(AV) —23 00uF(12v ) =216

by U =-12-C(AV)2 =123.00#F(6V) =54u]
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P44: We can combine the following equation to find the solution.

Czs{]ﬁ;—

g=CV
V = Ebreakdownd
We can combine these equations to solve for the charge in airk =1, Epreakdown =

3x106—N—
C

A
Q= (KEO E)(Ebreakduwnd) = K&, AE-’J?’eﬂkdOW’T

2

_[g.854x10™ < (0.0005;1:2(3><106 iV—)=1'3,.3nc
Nm C

2

ln pO‘yStyrene K= 2.56, Ebrgakdown = 24X106%

A
Q= [Kg‘) E](Ebmakdownd) = KEGAE  sigoun

2

=2.56| 8.854x107" L (0.0005m2{24><106 -’1) =272nC
Nm C

2

P47: First we want to calculate the charge on the capacitor in air.

2 2
Q0=CV = [sg %]V = [S.SSXIO‘” ¢ ][0‘0025’” ]250\/ =369pC

Nm® A 0.015m

When the capagitor is submerged the charge don't change, because there is no
plate for the charge 10 go, it has been disconnected from the battery and the
water is insulating. The capacitance will increase by a factor of K, therefore the
voltage will decrease by a factor of k. K is 60 for water.

2 2
C,. :80(8.85><10’12 ¢ )[0‘0025’” )zllSpF

Nm® ) 0.015m
V.. BV _3h3v
80 _
To calculate the difference in energy stored in capacitor we use 26.11
U= -;—Q(AV)

(3.13V — 250V ) = 45.507

AU=Uf—U,.=%Q(Vf—VI.)=

369pC
2




