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T}-'pical Electric Field Values

Source E(N/C)
Fluorescent lighting tube 10
Atmosphere (fair weather) 100
Balloon rubbed on hair 1 000
Atmosphere (under thundercloud) 10 000
Photocopier 100 000
Spark in air =3 000 000
Near electron in hydrogen atom 5 % 101!
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Quick Quiz 23.6 A test charge of +3 uC is at a point P where an external
electric field is directed to the right and has a magnitude of 4 X 10° N/C. If the test
charge is replaced with another test charge of —3 uC, the external electric field at P
(a) is unaffected (b) reverses direction (c) changes in a way that cannot be determined

Courtesy of Harold M. Waage, Princeton University
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Table 26.1
Approximate Dielectric Constants and Dielectric Strengths of Various Materials

at Room Temperature

Dielectric Strength®

Material Dielectric Constant k (10% V/m)

Air (dry) 1.000 59 3
Bakelite 4.9 24
Fused quartz 3.78 8
Mylar 3.2 7
Neoprene rubber 6.7 12
Nylon 3.4 14
Paper B 16
Paratfin-impregnated 5.0 11

paper

Polystyrene 2.56 24
Polyvinyl chloride 3.4 40
Porcelain 6 12
Pyrex glass 5.6 14
Silicone oil 2.0 15
Strontium titanate 233 8
Teflon 2 60
Vacuum 1.000 00 —
Water 30 —_

* The dielectric strength equals the maximum electric field that can exist in a dielectric without
electrical breakdown. Note that these values depend strongly on the presence of impurities and
flaws in the materials.



:JUia

Sl Al C Ajle Bale g s cae) Alualil) ALy Yo 1 7 oll) Aaluca sl (g ) gia ciiSa
(i gl gl N AT g gbad Jad) Badiy YL,V (s shew Jad) il Eua ((BL)

A3 ladl Balal) aay g (8 CiiSal) Ao ol

—4
Come Ao 500+ 010"
X

C=kC, = 3.7x5.3x10™** =19.6x10** =19.6 pF

5.3x107*

?QJGS&JM&JJAOJJM‘MMMJ‘&J;%@L“*%&‘

&V .=E . .d=16x10%v E. ..=16x106v/m

max "

Q.. =CV__ =19.6 x 10-2x16x.103 = 31x108 C = 0.31 uC



1l
‘#JQSS\M\JMAQQJM\M\SG‘COM3QO dady ¢ adia Cpa gl $J) e iiSa
daagl Gm k Je culi L Ajle dale iy &

¢4 jladl Balal) g 29 Jud Cafially 45 Jaal) ABUal) aa

2
U — QO Jolad) aa g S AdUal)
2C,
2C 2kC, Kk

Jolad) pua g axy 43l

K>1 & U,>U



i il il sl y CléiSall | 2 dale ol

o Wle JSAIL Aleaiall i) de sanal g b el g RIS Gadl 2a gl ]
C1=5pF, C2=10pF, C3=2uF

c1 (ox}
Cc3
C2 c2
b
(st bee JS sl 2
PP (a

Aa gl Aalise ol 130 ¢ sl 30ley o le (il s Cpm sl b i e ARl (Sas 2ga sl (b
Joadl 3ad s k=2.10 oslaill el cld 5 d=0.04 mm Cns sl G ddlsall 5 1,75 cm?
. 60x108 V/m = slaill

1.8 A8l Leliaii s 7.6 CM? (& da) sl (e 7 o) JS dalisa ¢ 56lls ¢ slan G ) st Cpn g) 53 a3
sma) caa il e 20V 2ga (38 aaiind 13 mm

sl G (AL eS) Jadd) -3
A ll Zua o) 2SN _p
il ¢

£ 8 0K e dindll g



Three capacitors (with capacitances |, ; and (4) and power supply ( U/) are connected in the circuit as
1, L2 3) 5 )
shown in the diagram.

G

IF%

http://physicstasks.eu/

a) Find the total capacitance of the capacitors’ part of circuit and total charge @ on the capacitors.

b} Find the voltage and charge on each of the capacitors.

‘ Solution: Total capacitance and total charge

Capacitors €} and (. connected in parallel can be substituted with one capacitor €, with capacitance

equal to the sum of several capacitances: O, = C\+Ch.

C. C

e

1
1|U

http:/ /physicstasks.eu/

After this substitution there are 2 capacitors in the cirenit - €, and €4 connected in series,

1 1 1 CppC C1+ Cq)C
T 1202 (C1+Ca)Cs

E Cha Cs3 Ci9+C3 Ci+Co+Csy

Total charge () can be evaluated using @ = UC

U(Cl + 02)03

@ C1+Cs+Cs ()



Solution: Charges and voltages on several capacitors

The charge and the voltage on the third capacitor:

The charges on capacitors C; and (5 are equal and are equal to the total charge Q).

Q=0Qun =20

So the voltage on the third capacitor Is:
- % _ 9
Cy Cs

We have already evaluated the charge () in the previous section, so we can replace them in the equation:

. — U(Cl+CQ)Cg _ U(Cl+02) (*)
P T (C1+Ca+Cy)C;  Cr1+Ca+Cs

Voltages on capacitors connected inparallel:

The total voltage U is divided between capacitors C; and Cj.

U=Ua+T;
Using that we can evaluate the voltage U
U =U-Us
We can replace the voltage U with (*).
U(C,+C

Let’s convert it to a common denominator and simplify by combining like terms.

g _ UGt CtO) Ui+ C) UC, -
2 Ci+C2+Cs Ci+C2+Ca

Voltages on capacitors ) and 5 connected in parallel are the same:

U = Uy = Up

Charges on capacitors connected in parallel:

Using the voltage on each capacitor from [(**) we can simply evaluate charges on capacitors connected in
parallel:

Q1 =U1C1
Q2= U Oy
UC,C,
Q= —————
C1+Co+Cs
Qs = UCyCy

Ci1+Cy+Cy



A capacitor that has air between its plates is connected across a potential difference of
12.0 V and stores 48.0 uC of charge. What is the capacitance of the capacitor?

6.00 pF
4.00 pF
7.00 pF
10.0 pF
8.00 pF

What is the total capacitance of the capacitors in the following circuit?

1.0F 1.0F 1.0F

——

3.00F
200F
1.00 F
033F

Mot enough information



In the following circuit, what is the charge of the 2.00 F capacitor?
C1:4.00 F C1:200 F

[ |
+ I -
-3
Q=2 ||
80.0V
100 C
105 C
106 C
s 50C
In the following circuit, what is the value of V;? V.
1.0F 1.0F 1.0F
I |1 |1
I i i
ud
|



A parallel-plate capacitor has a plate separation of 2.00 mm and a capacitance of 4.00 F.
The area of the platesis __ m?. (Assume g,=8.85 x 1012 F/m)

1.03x108
2.05x108
4.12x10°
6.25x108

9.04x10®

What is the equivalent capacitance of the following circuit?

+ p—

|

|
C,=4.00 F

C,=8.00 F

220F
21 F
12.0F
18.0F

140F



What is the charge of C; in the following circuit?

11
c3=1.0F ||

0
M
[
N
o
T

+ I—
I
30V
10C
25C
30 C
100 C

120 C
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