Electricity & Magnetism

Lecture 8: Capacitors

Today’s Concept:

Capacitors

(Capacitors in a circuits, Dielectrics, Energy in capacitors)

Alternate terms: “condensors”, “capacitators”, ....
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Stuff you asked about:

> “the formula for calculating capacitance in parallel and series are the opposite of
the formula for resistance “

> “Please go over the Capactitors with and without a dielectric from checkpoint.”

> “this stuff is a lot harder than what we’ve been doing before, one thing i don’t

understand is when you disconnect a battery from a capacitor what exactly
happens, how come it still has a charge??”
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Capacitors, connected and unconnected

* A capacitor that is UNconnected to a battery has
constant charge: V=Q/C (V is determined by Q)

* Capacitors in parallel have the same voltage. Charge
may redistribute among them: Q1/C1 = Q2/C, = Q2/C ...

* A capacitor connected to a battery has a constant
voltage. Q =CV (Qis determined by V)
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* Charged capacitor, not connected to battery
* Dielectric makes AV smaller

air capacitor dielectric capacitor

K=1 K> 1
— + I
h
| + | +
| + B +
—_— h —_—
- N — N
| + B .
_)h
- E 4 B +
C = eoAL C = keoV/L

E inside dielectric is smaller than E outside.
The charge on the surface of the dielectric partially cancels the E
field from the charge on the plates.
Therefore the AV between the plates is less.
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Simple Capacitor Circuit

Ve

—’Vﬂc

This “O” really means that the battery has
moved charge QO from one plate to the other,
so that one plate holds +0Q and the other —Q.
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Dielectrics

C . C,=xC,

4 ' Qy=VC, == V' Dielectric Q=76

By adding a dielectric you are just making a
new capacitor with larger capacitance (factor of K)
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Parallel Capacitor Circuit

Q total

Key point: V is the same for both capacitors

Key Point: Q,,,,=0,+ 0,=VC,+ VC,=V(C, + C,)

H_J

C,.=C +C,

total
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Series Capacitor Circuit

Q=7VC,

otal

%

Cl
C2
,
, #

Key point: Q is the same for both capacitors

Key point: O = VC,, ,=V,C, =V,C,

otal —
Also: V' = Vl + V2 — Q/Ctotal = Q/Cl + Q/C2
| 1 1
= _ 4+
Ctotal Cl CZ
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CheckPoint: Three Capacitor Configurations

The three configurations shown below are constructed using identical capacitors.

Which of these configurations has lowest total capacitance?

A

(=

C

e
cuF

Cooar =C 1/C,.;=1/C+1/C
=2/C
| Ctotal - C/2 |

D: All 3 are the same

= >

Three Capacitor Configurations: Question 1 (N
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CheckPoint: Two Capacitor Configurations

The two configurations shown below are constructed using identical capacitors. Which
of these configurations has the lowest overall capacitance?

C/2
C .=

. . total
wo Capacitor Configurations: Question 1 (N = _
. = i Ctotal - Cleft + Cright
w Ctotal =>
20 T 1 OB
.o : o Both configurations have the same capacitance
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Clicker Question: Capacitor Network

Which of the following is NOT necessarily true:
A) Vo=V,
B) Ctotal > Cl
IC) V, =V, I
D) Q,=Q,
E) V,=V,+V,
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CheckPoint: Capacitor Network

A circuit consists of three unequal capacitors C;, C,, and C; which are connected to a
battery of voltage V,,. The capacitance of C, is twice that of C,. The capacitance of C; is
three times that of C,. The capacitors obtain charges Q,, Q,, and Q.

O
C2
Compare Q,, Q,, and Q..
AQ>Q>Q, Vo y
B.Q,>Q,>Q, 2

G
D.Q=Q,=Q, | 3

I E.Q<Q,=Q I

Capacitor Network: Question 1 (N = 20)
30
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Energy in a Capacitor

In Prelecture 7 we calculated the work done to move charge O from one plate to

another:
C +Q
B 1/2CV2 } Since Q=VC
-Q _ 1/2Q2/C

This is potential energy waiting to be used...
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Messing with Capacitors

If connected to a battery // stays constant

C,=xC }_>Q1

=KCV=xQ

If isolated then total O stays constant

; Q=Q I
— - =V, =0/C

| C,=xC

=0/kC=V/
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CheckPoint: Capacitors and Dielectrics 1

Two identical parallel plate capacitors are given the same charge Q, after which they
are disconnected from the battery. After C, has been charged and disconnected, it is

filled with a dielectric.
+ I +

C1 e

Compare the voltages of the two capacitors.
AV, >V, )

1 2
C.V,<V,

Capacitors with and without a Dielectric:
Question 1 (N = 20)

“The electric field decreases on the second due to the 50
dielectric, so its voltage must decrease.”

“The little brown thing is stopping the pikachus from reaching
the other side.”

45

40 35

30

20

% of Students

“ Dielectrics don't change voltages. ” 0

“Capacitance lowers in case 2, meaning V increases in case 2.’ o R " .
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Two identical parallel plate capacitors are connected to identical batteries. Then a
dielectric is inserted between the plates of capacitor C,. Compare the energy

stored in the two capacitors.
. C,
v

A)U, < U, B) U,=U, @UI>ID

Compare using U =1/,CV?

=P Potential Energy goes UP
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CheckPoint: Capacitors and Dielectrics 2

Two identical parallel plate capacitors are given the same charge Q, after which they
are disconnected from the battery. After C, has been charged and disconnected, it is

filled with a dielectric.

Compare the potential energy stored by the two + I +

capacitors. Ci 2
B.U,=U,
C.U,<U,
“If the electric field goes down, then so does the potential g ey

energy of the second system..” 50 &

40

—
E=

“Dielectrics don't affect potential.”

% of Students
=

“U = QV. Since voltage remains constant and charge increases, 10
potential energy must also increase.” .
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CheckPoint: Capacitors and Dielectrics 3

The two capacitors are now connected to each other by wires as shown. How will the
charge redistribute itself, if at all?

J must be the same !

o The charges will flow so that the charge on C1 will become equal to the charge on C2.
o The charges will flow so that the energy stored in C1 will become equal to the energy stored in C2
o The charges will flow so that the potential difference across C1 will become the same as the potential

difference across C2.
O No charges will flow. The charge on the capacitors will remain what it was before they were connected.

=]

Capacitors with and without a Dielectric:

Q Ql — Q2 _ Q N Question 5 (N = 20)
¢ c, =»a=c@ .
i 80
1 2 3w
U1_2C1V # U1=QU2 b )
Uz—%csz C2 o= s ¢ 'T
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Co 14 An air-gap capacitor, having
— capacitance C;, and width
x, is connected to a battery

of voltage V.

1B

= 4
v

S
-
=

A dielectric (k) of width
x,/4 is inserted into the gap
as shown.

Conceptual Analysis:

= 1% What is O, the final charge

V on the capacitor?
What changes when the dielectric added?

A) Only C B)onlyO C)onlyV ‘D) C and Q‘ E) Vand O

Adding dielectric changes the physical capacitor ===  (C changes

J” does not change and C changes . 0 changes
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« >

x,/4

Strategic Analysis:
—  Calculate new capacitance C
— Apply definition of capacitance to determine O

To calculate C, let’s first look at:

Vleftl K I Vright

A) I/left< Vright ‘B) I/left= Vight

7

C) Vleft> Vright

The conducting plate is an equipotential !

An air-gap capacitor, having
capacitance C;, and width
x, is connected to a battery

of voltage V.

A dielectric (i ) of width
x,/4 is inserted into the gap
as shown.

What is O, the final charge
on the capacitor?
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Calculation

An air-gap capacitor, having
capacitance C;, and width x,
is connected to a battery of
voltage /.

1B

d
H

=
O\
=

A dielectric (k) of width x /4

is inserted into the gap as
shown.

Can consider capacitor to be two

capacitances, C, and C,, in parallel What is O, the final charge

on the capacitor?

|

—= I

Whatis C, ? |

N

A
Il
-

A) Ci=C, [B) G =3,Cy| O)Ci=4C, D)Cy=1,G,

In general. For parallel plate capacitor: C = g,4/d

A=3/,4
Jed 470 T — Cl = 3/4 (gOAO/dO) —] Cl = 3/4C0
— 0 —

smait phg’i“ Electricity & Magnetism Lecture 8, Slide 20




An air-gap capacitor, having
C capacitance C, and width x,
0

1B

voltage /.

Vil . is connected to a battery of
-«

Xo/4 A dielectric () of width x /4

is inserted into the gap as
| shown.

What is O, the final charge
C, =3/,C, on the capacitor?

d
A

What is C, ?
A)Cy=kCy  B)Cy=3,kCy C)Cy=4,kC, | D)Cy=1/,kC,|

In general. For parallel plate capacitor filled with dielectric: C = ke, A4/d

A=14, —
d=d, —
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1B

= 4
v

=

An air-gap capacitor, having
capacitance C;, and width x,
is connected to a battery of
voltage /.

A dielectric (k) of width x /4

is inserted into the gap as
shown.

What is O, the final charge

C,=3/,C, onthe capacitqneC,

—=

What is C?

ANC=C+C,| BC=C +x(C, ()C=

C = parallel combinationof C,and C,: C=C, + C,

smatPhyrics
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An air-gap capacitor, having

capacitance C; and width x,

1B

C is connected to a battery of
0 Vi voltage V.
- No___, — —
f A dielectric (i ) of width x /4
X/ is inserted into the gap as
shown.
[ Ci R What is O, the final charge
— 1 . on the capacitor?
- L C, =3/,C C,=1,xC
J 1 4~0 2 4 0
| m—p C=C, 3/, +1/,K)
What is O?
= % # Q = VC

301 )

smatPhyrics
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Different Problem

N\ An air-gap capacitor,
v Qo C, v 22\(;':\% c?fhpaqtance Cot 5
—L N > —— . X, 1s connecte
Db to a battery of voltage V
] - and then battery is
1/4x,  disconnected.

A dielectric (1) of width
1/4x, is inserted into the

gap as shown.

A) V<V B)V,=V V>V What is V,, the final
voltage on the capacitor?

O stays same: no way to add or subtract == -0 =C,V

We know C: (property of capacitor) — (= Co Cly +1/,%)

= V.= 0/C=V/C/,+/,K)
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Different Problem

AN An air-gap capacitor,
0] C having capacitance €, and
Vv 0 0 v . :
i N —_— . width x, is connected to a
—_1 «--Xo - battery of voltage /" and
«-> then battery is
/4x,  disconnected.

A dielectric (k) of width
1/4x, is inserted into the
gap as shown.

V= 0IC = VI(y + 1/, )

What is //, the final
How did energy stored in capacitor change voltage on the capacitor?

when dielectric inserted?

A) Uincreased B) U stayed same | C) U decreased

U="Q%C
Q remained same =P [/ decreased
C increased
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