2117/2014 HW4
HW 4 "
Due: 11:00pm on Sunday, February 16, 2014

You will receive no credit for items yvou complete after the assignment is due. Grading Policy

Introduction to Capacitance

Learning Goal:
To understand the meaning of capacitance and ways of calculating capacitance

When a positive charge g is placed on a conductor that is insulated from ground, an electric field emanates from the
conductor to ground, and the conductor will have a nonzero potential V relative to ground. if more charge is placed on the
conductor, this voltage will increase proportionately. The ratic of charge to woltage is called the capacitance C of this
conductor: C' = gq/V.

Capacitance is one of the central concepts in electrostatics, and specially constructed devices called capacitors are
essential elements of electronic circuits. In a capacitor, a second conducting surface is placed near the first (they are often
called electrodss), and the relevant wiltage is the woltage between these two electrodes.

This tutorial is designed to help you understand capacitance by assisting you in calculating the capacitance of a parallel-plate
capacitor, which consists of two plates each of area A separated by a small distance d with air or vacuurm in between. In
figuring out the capacitance of this configuration of conductors, it is important to keep in mind that the woltage difference is the
line integral of the electric field between the plates.
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Part A

What property of objects is best measured by their capacitance?

ANSWER:

O ability to conduct electric cumrent
O ability to distort an extemal electrostatic field
m ability to store charge

Part B
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211712014 HW4
Assume that charge -~g is placed on the top plate, and +¢ is placed on the bottormn plate. What is the magnitude of the

electric field ' between the plates?

Express I/ in terms of g and other quantities given in the introduction, in addition to €5 and any other

constants needed.

You did not open hints for this part.

ANSWER:
I
i E - _&
A&,
Part C

What is the wltage V between the plates of the capacitor?

Express V in terms of the quantities given in the introduction and any required physical constants.

You did not open hints for this part.

ANSWER:

v 2d
Aé,

Part D
Now find the capacitance C of the parallel-plate capacitor.

Express C in terms of quantities given in the introduction and constants like €.

ANSWER:
o= &A
i d
Part E

Consider an air-filled charged capacitor. How can its capacitance be increased?

You did not open hints for this part.
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ANSWER:
O Increase the charge on the capacitor.
O Decrease the charge on the capacitor.
O Increase the spacing between the plates of the capacitor.
Q Decrease the spacing between the piates of the capacitor.
O Increase the length of the wires leading to the capacitor plates.

Part F

Consider a charged parallel-plate capacitor. Which combination of changes would quadruple its capacitance?
ANSWER:

O Doubis the charge and double the plate area.

O Double the charge and double the plate separation.
O Halve the charge and double the plate separation.
QO Halve the charge and double the plate area.

Q Halve the plate separation; double the plate area.
O Double the plate separation; halve the plate area.

Capacitors in Parallel

Learning Goal:
To understand how to calculate capacitance, woltage, and charge for a paralle! combination of capacitors.

Frequently, several capacitors are connected together to form a collection of capacitors. We may be interested in determining
the overall capacitance of such a collection. The simplest configuration to analyze inwlves capacitors connected in series or
in parallel. More complicated setups can often (though not always!) be treated by combining the rules for these two cases.
Consider the example of a parallel combination of capacitors: Three capacitors are connected to each other and to a battery
as shown in the figure. The individual capacitances are C, 2C, and ”

3C, and the battery's voltage is V. 1 o8
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Part A

if the potential of plate 1 is V, then, in equilibrium, what are the potentials of plates 3 and 67 Assume that the negative
terminal of the battery is at zero potential.

You did not open hints for this part.

ANSWER:

O VadV
O 2V and 3V
k? V and 0 !

14 v
Ozand3

PartB

If the charge of the first capacitor {the one with capacitance C) is ), then what are the charges of the second and third

capacitors?
You did not open hints for this part.

ANSWER:

k? 2@ and 3Q)

O %and%}—

O Qand @
O 0and0

Part C

Suppose we consider the system of the three capacitors as a single "equivalent” capacitor. Given the charges of the
three individual capacitors calculated in the previous part, find the total charge Q4 for this equivalent capacitor.

Express your answer in terms of V and C. c @
ANSWER; v

Qtot = 6Q = GC\/

Part D

hitp://session. mastering physics.com/myct/assig nmentPrintView?displayM ode=studertViewdassig nmentlD =2627432 a7
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Using the value of @, find the equivalent capacitance Ceq for this combination of capacitors.

Express your answer in terms of C.

You did not open hints for this part.

ANSWER:

Ce Q

o
e

..___\_/—..

Capacitors in Series

Learning Goal:
To understand how to calculate capacitance, wltage, and charge for a combination of capacitors connected in series.

Consider the combination of capacltors shown in the figure. Three
capacitors are connected to each other in series, and then to the

battery. The values of the capacitances are C, 2C, and 3C, and ¢ 2C aC
the applied wltage is AV Initially, all of the capagcitors are

completely discharged; after the battery is connected, the charge 12 A 4 5 6
on plate 1is Q. 0 | e T
f
I Il |
- —
Al
Part A

What are the charges on plates 3 and 67

You did not open hints for this part.

ANSWER:
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O +€ and +€
O —@ and —Q
@ +Q and —Q
O —Q and +Q
O 0and +Q
O Oand —@}

Part B

HW 4

If the woltage across the first capacitor (the one with capacitance C) is AV}, then what are the wltages across the

second and third capacitors?

You did not open hints for this part.
ANSWER:

O 2AV; and 3AV;

G( —;—AV]L and %AVl
O AV; and AWV,

O o0and AV}

Part C

Find the woltage AV) across the first capacitor.

Express your answer in terms of AV,

You did not open hints for this part.

ANSWER:
AV = ‘tf’ sV
Part D

Find the charge (2 on the first capacitor.

Express your answer in terms of C and AV}

ANSWER:

Cef-(\“/-z —,—)v:_cg_

Ay, = ﬁ%

4\/;=Q—;-,--:%— :4__L|{;__

avy = B & v
Ca 3¢ T3

oV= AV 14k 4l
s+ 4 +g_gf_

- {312

(f
/ Vi =7 eY

QR=CV =C-4Y
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Q= ( sV

Part E

Using the value of () just calculated, find the equivalent capacitance Ceq for this combination of capacitors in series.

Express your answer in terms of C,

You did not open hints for this part.

ANSWER:
c . Q@ <& 6
eq f TS (]
4V Z—AV[ 4

Finding the Capacitance

A parallel-plate capacitor is filled with a dielectric whose dielectric constant is K, increasing its capacitance from C] to

K. A second capacitor with capacitance C; is then connected in series with the first, reducing the net capacitance back

to Cl ]
KE: Cz
Part A — =
What is the capacitance Cy of the second capacitor? b
Express your answer in terms of K, (|, and constants. ____l ["',/
Q= Cﬂg'

You did not open hints for this part. ____L_ - ._l_’.- -+

|
{ -
A T
ANSWER:

j<~1
L 2
K¢ Cy

Oz = ‘-—;‘-‘—— [ B < ¢
o | Go= <=1

Force between Capacitor Plates
Consider a parallel-plate capacitor with plates of area A and with separation d.
Part A
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21712014 HW4
Find F(V), the magnitude of the force each plate experiences due to the other plate as a function of V, the potential
Gauss Ko *

drop across the capacitor. -
. . i Y A e - %4
Express your answer in terms of given quantities and ¢g. | =

Lfé_;y . ﬁ?‘ V=('é’f-d=z't?€lcl

You did not open hints for this part.

ANSWER: Y - i
: =7 Fr QE -28Ak]

F(V) - Li\:p | = 26y )
EAYVT

- - 2 JL

The Capacitor as an Energy-Storing Device

Learning Goal:

To understand that the charge stored by capacitors represents energy; to be able to calculate the stored energy and its
changes under different circumstances.

An air-filled parallel-plate capacitor has plate area A and plate separation d. The capacitor is connected to a battery that
creates a constant woltage V.

Part A
Find the energy U, stored in the capacitor.

Express your answer in terms of A, d, V, and ¢y. Remember to enter ¢y asepsileon 0.

A

You did not open hints for this part. C - £
- 4] g

ANSWER:
Ug= [ -
T C v - T

Part B

The capacitor is now disconnected from the battery, and the plates of the capacitor are then slowly pulled apart until the
separation reaches 3d. Find the new energy /1 of the capacitor after this process.

Express your answer in termsof A, d, V, and .

/. ¢ A
C= &35
You did not open hints for this part.
pen ™ g (R does not cﬁange, T
hoficeputiy L S
ANSWER: @=cv < U= 57773
ot aw
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A
| 3 GAV
i Ul = e
> d
Part C

The capacitor is how reconnected to the battery, and the plate separation is restored to d. A dielectric plate is slowly
moved into the capacitor until the entire space between the plates is filled. Find the energy U2 of the dielectric-filled
capacitor. The capacitor remains connected to the battery. The dielectric constant is K.

C”: K& f[q'

Express your answer in termsof 4, d, V, K, and ¢;.

ANSWER: | d 5 -Eéé-—\-{:.
F/é.b-&l U:- =3 V= 2 d

1 U2 = Cl

] 2

Capacitors with Partial Dielectrics

Consider two parallel-plate capacitors identical in shape, one aligned so that the plates are horizontal , and the other with the

plates vertical . ~
s 18 [; ke two c«Pﬁc€W; = f pm JoX
¢, (
i
Ca l@‘ b |54 //
Q—P)A ?-_m_. e /
(=6 "1 T _7Z
: ‘FA L~ ’: z 0 _:I-_L
C=Ke T gl 7 (;HZ R
usc&g.ms'i(f;" [ Eyn vacuwm ( upper i) = .
C..CtC | ModiTed T;’J in dielectnel lower heft) - K%‘_
_ é"A(Q—--F) ¥ K‘F) ff :-—(f E‘-J.t +_(“f' -’E:i&-)
(E < + (&1 £)
Part A -

"‘TSEO((*”E)"' z.e.(Hh)Q

The harizontal capacitor is filled halfway with a material that has dielectric constant K. What fraction f of the area of the
vertical capacitor should be filled {as shown in the figure) with the same dielectric so that the two capacitors have equal

capacitance? c- & . ).G.A
Express your answer in terms of K. v J Cl+ )
C.A 26, - B)=
You d ks for thi D S8 (1-0rtup) ~28L o (kb))
ou did not open hints for this part. d (t+E)

l+—;z + F-0C+E) =3
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ANSWER: o Pkt -1-%) - %
k"' - E:.L—— - ._F = I - -._E:..I_.
AR 7D 7 k-% K-

Video Tutor: Discharge Speed for Series and Parallel Capacitors

First, launch the video below. You will be asked to use your knowledge of physics to predict the outcome of an experiment.
Then, close the video window and answer the question at right. You can watch the video again at any point.

Part A

The capacitors in each circuit are fully charged before the switch is closed. Rank, from longest to shortest, the length of
time the bulbs (resistors} stay lit in each circuit.

You did not open hints for this part.

ANSWER:
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Energy of a Capacitor in the Presence of a Dielectric

An dielectric-filled parallel-plate capacitor has plate area A and plate separation d. The capacitor is connected to a battery
that creates a constant wltage V. The dielectric constant is K.

Part A

Find the energy U1 of the dielectric-filled capacitor. The capacitor remains connected to the battery.

Express your answerintermsof A, d, V, K, and ¢.

C= ke 4

You did not open hints for this part.

A
g g KEAN
ANSWER: U= £ v = Y d

ke ay™
2d

U1=

Part B

The dielectric plate is now slowly pulied out of the capacitor, which remains connected to the battery. Find the energy
U, of the capacitor at the moment when the capacitor is half filled with the dielectric.
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Express your answer intermsof A, d, V, K, and ¢).
N A

R = =

C=C+G = kg t+ € 3]

You did not open hints for this part.

ANSWER: >d
- &
EA CeH)V =35 Cety)
U2 = 1
“d Uy= £CV = %LE*_QV
Part C

The capactor is now disconnected from the battery, and the dielectric plate is then slowly removed the rest of the way out
of the capacitor. Find the new energy of the capacitor, [/3.
LAV K Le-fwc dis connect
Express your answer in termsof A, d, V, K, and ¢. éo/-\
Aftqf &WM. ,& - CV = J—d Cl&H) ) V
& does'nt d&n‘? e alter the dielectre i

You did not open hints for this part. ] N Yemov
new COpastane aftey dhe diclectte S Yemoved
ANSWER; ¢'= e T
. v, L @ L GAEDYT g
U, - CAKH) Y 322 ¢ T Y I T En

¥d , Vi
_ G0V
T &d
Part D

In the process of remaoving the remaining' portion of the dielectric from the disconnected capacitor, how much work W is
done by the extemal agent acting on the dielectric?

Express your answer in termsof A, d, V, K, and ¢;.

You did not open hints for this part.

ANSWER:

W= Uy-Us = C‘__—-—"A@(TDV (&t ~1)

Exercise 24.11

A capacitor is made from two hollow, coaxial, iron cylinders, one inside the other. The inner cylinder is negatively charged and
the outer is positively charged; the magnitude of the charge on each is 16.0pC . The inner cylinder has a radius of 0.450min

, the outer one has a radius of 7.40mm , and the length of each cylinder is 20.0cm .
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Part A ~ -2 A
What is the capacitance? 2 g E= sx¥r € r
Use 8.854x107'2F /m for the permittivity of free space. Vot ~Vin Y 2 . .
$EaV = —f E-df
ANSWER:
T
e
i G? 165“0'“ " = '-J:#EI[JII
C=_— - — = 319 B F 2 7
\V Lf’_ﬂi'g 7 Xto | LUJD‘L:\‘:M e . lﬁ)
B S, SR,
2LYEG
A L. &4 ,n
Part B = L — = g
S b, iTe ’a‘-ﬁ
What applied potential difference is necessary to produce these charges on the cylinders?
ANSWER: = 16X S y, 7. 4xio°>
— - A —
IRTRY ¥ o. q.g-xm'a'

V = 4-102_6 V vV = lorby

Exercise 24.18

Two capacitors are connected in series, Let 3.00uF be the capacitance of first capacitor, 5.40uF the capacitance of the
second capacitor, and V3 = 54.0V the potential difference across the system.

Part A Q=@ [ —] !

Calculate the charge on each capacitor. \
ANSWER: [ I-""//

Q = fi] #’C &
1 [ Lf v|+Va—‘-'—V: F-{-g_
- \ C],
Q=
Part B I*C"
ANSWER: &4
- . l loexip C
A F o6
Q, - [ o ¢{_ uC £ §.¢xro
<
= (a4 x10 C
= (o
Part C i aC

Calculate the potential difference across each capacitor.
htip://session.mastering physics .com/myct/assignmentPrintView?displayMode=studentView&assig nmentlD=2627432 1317



21712014
ANSWER:

v = v
347

Part D
ANSWER:

Chy = === 28 v
1.5

Exercise 24.28

A parallel-plate vacuum capacitor has 7.06J of energy stored in it. The separation between the plates is 3.20mm . If the
separation is decreased to 1.75mm ,

Part A

what is the energy now stored if the capacitor was disconnected from the potential source before the separation of the
?
plates was ¢changed? 1 = constant

ANSWER: U, = 3!: %
2
U= O,S-'f’?xua = %‘% (J) J U:.’i g?_,-
C
Co: 60%; _!-J-- = ..C—;-— __é-—__"y'rx’o’
s € A Yo C 4o 23 %02
Part B d

= 6._?4[_7

What is the energy now stored if the capacitor remained connected to the potential source while the separation of the

o
plates was changed? V 35 constoawd”
ANSWER:

U, = £ ¢V~

U= L ,7y7
uv= /830,= 12,7 ) J =V

Exercise 24.36

A parallel-plate capacitor has a capacitance of Cy = 3.80pF when there is air between the plates. The separation between
the plates is 2.60mm .
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Part A

What is the maximum magnitude of charge that can be placed on each plate if the electric field in the regicn between the
plates is not to exceed 3.00x10*V /m ? - _ Qnex
E ‘\O' - Vmax - =

ey

ANSWER: c°
1o Qe = 1B .4
Q= 2.%6 Xco C max = lgnml C! G
) |
- Ivi0 2.bxi0 x 3.8 X/fo
Part B

A dielectric with a dielectric constant of 3,10 is inserted between the plates of the capacitor, completely filling the volume

between the plates. Now what is the maximum magnitude of charge on each plate if the electric field between the plates
is not to exceed 3.00x104V /m ?

QMu:[gm]‘d' Cf ) Cf: K Co

ANSWER: N
= 3xeot ¥ 2b30 3.0 x 3. 8x0
- x
Q = ?.?- XEO C
- (f L Xeo “
Exercise 24.45

A parallel-plate capacitor has the wolume between its plates filled with plastic with dielectric constant K. The magnitude of
the charge on each plate is Q. Each plate has area A, and the distance between the plates is d.

Part A

Use Gauss's law fo calculate the magnitude of the electric field in the dielectric.

Express your answer in terms of the given quantities and appropriate constants. .
PR modified  Gousss ,émo
ANSWER: e g
r "j
[ i --__...J.

- T (vee -@nct
(& ;KE-JA"' ——'é.g_
A <[ELJAL - &
il = _g—.
[E1= = s
Part B

Use the slectric field determined in part A to calculate the potential difference between the two plates.

Express your answer in terms of the given quantities and appropriate constants.
ANSWER:
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V= IAV‘: _(f\__:l.--—-

Ko A

PartC

HW4 , 3

Use the result of part B to determine the capacitance of the capacitor.

Express your answer in terms of the given quantities and appropriate constants.

ANSWER:

C Q <& A

v & _____J__-

Problem 24.53

A 20.0uF capacitor is charged to a potential difference of 800V . The terminals of the charged capacitor are then connected

to those of an uncharged 9.00uF capacitor.

Part A soufF -""] doo / 2 &= cv
Compute the original charge of the system. T oy go" x §oo
ANSWER: = {.bxiG >
P
Q= [.G X0 C
Part B Q ﬂ . e?u;,(,:kwuh T
T = v
Compute the final potential difference across capacitor, C‘ _E————:T i =
ANSWER: @, da
— - p—
¢ T T,
AV = 5_5'(9 Vv A4 QR +Q, =da é——cfwvrfe: or
chored
- .
Q‘ + _ET @f = a
Part C Rz O« & ~ {‘L”o,:.* 20 %o ‘
Cl+('l- - [ -
Compute the final energy of the system. (o+ P)xa
- -
ANSWER: = flxwe ¢
V= & =
- — [l xro
¢, =————_7 = $So Vv

+0Xto 16117
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U"" U, '('Uz_
>
= 3.'_ Cl\/t t %C:. V\-
. f > "6
e (Ce+G) =5 =850 (204916
Part D
. E U A ’ C'V =
Compute the decrease in energy when the capacitors are connected. r T g
ANSWER: L >
= -é ¥2oxi0 X &6
AU - Iuﬂc- U;[ o464 =~ y

- 6. ¢
Score Summary:

Your score on this assignment is 0.0%.
You received 0 out of a possible total of 15 points.
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