Physics 212

Lecture 8

Today’s Concept:

Capacitors

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

Overall easy and fun pre-lecture!

I'm still pretty confused on how to do networks of capacitors where there are capacitors in
parallel and in series. It would help a lot if we went over these in lecture!

Will we cover dielectric breakdown in this class? (I am not trying to
prompt a dangerous experiment, but that sounds like the most direct
answer to this question.)

Can charge only move through a dielectric if the capacitor is connected to a battery?

I'm allowed to say this because I'm an engineer too: It's not like we had Valentine's Day plans
anyways.... Exam 1 here we come!

when in lecture please clearly distinguish the variable changes when the
capacitor is isolated and not.

the capacitor in circuit, i have no idea which properties stay the same and
which change. please explain it.

I don't have anything that | really didn't understand, so enjoy a (bad)
joke: One capacitor punches another and gets charged with battery.

Please explain how to identify series and parallel capacitors base on the diagram.... | am a little

confused about them..
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Exam Logistics

1) EXAM 1: WED February 18t at 7pm
» Sign Up in Gradebook for Conflict Exam at 5:15pm if desired

» If you have double conflict please email Prof. Ben Hooberman

> MATERIAL: Lectures 1 -8

2) EXAM 1 PREPARATION A W [ tcorlise T Administetor inks
» Study HW, Discussion {41 Goto curent i
> Old Exams are a good - eleeticiy s v
» See SmartPhysics for b cosdemersia

2. Electric Fields
3. Electric Flux and Field Lines

4, Gauss Law

3) EXtra Office HOUFS (TueSdaY/ v 5. Electric Potential Energy
roo mS/t| meS) 6. Electric Potential

7. Conductors and Capacitance

+ DC Circuits
+ Magnetism
+ AC Circuits

+ Light and Optics

+ Exam Reviews Solutions @
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Simple Capacitor Circuit

VC

This “Q” really means that the battery has
moved charge Q from one plate to the other,
so that one plate holds +Q and the other —Q.
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Parallel Capacitor Circuit
total

Qz - C2V

Qtotal

Key point: V is the same for both capacitors

Key Point: Qe = Q1 + Q2 =VC; + VC, = V(C, + C))
—
Ciotat = C1 + C;
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Series Capacitor Circuit

Q= VCtotaI

Key point: Q is the same for both capacitors
Key pOint: Q — VCtotaI — V].Cl — V2C2

Also: V=V, +V, e Q/C i = Q/C, + Q/C,
1 1 1

ol G TG,

total
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CheckPoint 1

Which has lowest total capacitance:

A B ¢
C g
C =S cE =
C
1/C,py = 1/C + 1/C
=2/C
Coort = C/2
Ctotal — C Three Cap::ttj Configurations: Question 1 (N CtOtaI - 2C
= 789)
L= -

[=}
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CheckPoint 2

Which has lowest total capacitance?
A) Single Capacitor B) 4 Capacitors C) Same

Ciotal = Clett + Cright

Ciotal :@

% of Students
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Similar to CheckPoint 3

Which of the following is NOT necessarily true:
A) Vo=V,

B) Ctotal > Cl

D) Qz = Q3

E) V,=V,+V,
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CheckPoint 3

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.

C,

40

30 27.8

V_l_ " i
T N
. e

XQ1>Q3>Q2 X Q1>Q,>Q; C. Q;>Q,=Q; D. Q;=Q,=Q; E. Q;<Q,=0Q5

1.: Q, = Q3 (capacitors in series)

2. How about Q; vs. Q, and Q;? Calculate C,; first.
=CV,
1 1 1 1 1 5 Q=G%

= t—=—t—= C =§Cl 6
C, C, C 2C 3C 6C = g Q;=Q, =Q,=C,, :E CV,




v T Q= VG, =V Y o -c,

By adding a dielectric you are just making a
new capacitor with larger capacitance (factor of x)

Electricity & Magnetism Lecture 8, Slide 13



Messing with Capacitors

If connected to a battery V stays constant

V,=V
—> Q, =C,V;
= KCV=x0Q
If isolated then total Q stays constant
Q=
Dielectric Cl — C — Vl — Ql/Cl
= Q/kC=V/Kk
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CheckPoint 4a

Two identical parallel plate capacitors are given the same charge Q, after which
they are disconnected from the battery. Then, a dielectric is placed between the

plates of C,

Ci C2

he voltages of the two capacitors. a0
AT =1 | B =7, Cr<7, 645

60

“The addition of a dielectric will increase the 40

capacitance of C2, thereby decreasing its voltage b
the equation C=Q/V..” 20

% of Students

1.5 17.9

“V remains constant through the addition of 0
dielectrics. As foretold by the pre-lecture prophesy

“By adding in the dielectric we are cutting down the
distance between the two plates. a lower distance

means the plates are higher in voltage.”
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Messing with Capacitors Clicker Question

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.

1+

A) U, < U, B) Uy= U, QU1>D

Compare using U =1/,CV2

C

Dielectric '

=P Potential Energy goes UP

Electricity & Magnetism Lecture 8, Slide 16



CheckPoint 4b

Two identical parallel plate capacitors are given the same charge Q, after which
they are disconnected from the battery. Then, a dielectric is placed between the

plates of C,

C1 C2

-

Compare the potential energy stored by the two capacitors.
‘A) L} ?Ug\ B) Uy=1; O 1y <1

Capacitors with and without a Dielectric:
Question 3 (N = 785)

U=(0.5)QV. As we know that V2 is smaller than V1. %0 s

40

Since there is no battery to supply additional energy,
they have the same amount of stored energy.

30

18.3

% of Students

20

10

Since the capacitance of 2 is greater than 1 and the .
V's are equal then the charge on 2 must increase and A B
therefore U2 is greater than U1

C
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CheckPoint 4c 5

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

-+

+

7 2

A. The charges will flow so that the charge on C; will become equal to the charge on C.,.

B. The charges will flow so that the energy stored in C; will become equal to the energy stored in
C,

C. The charges will flow so that the potential difference across C, will become the same as the

potential difference across C..
D. No charges will flow. The charge on the capacitors will remain what it was before they were

connected.

a0

V must be the same Il o0 50.1
o QU_» e
c, G, Q c, Q
U: Y :%Clvz G
2 Ul — U2 0
U2 :%CZV CZ A B C ]

40

% of S5tudents

20 168.5

11.2 12.1




Calculation

An air-gap capacitor,
having capacitance C, and
width X, is connected to a
battery of voltage V.

(]
g
*
o><
4
1]
g
| =

<« >
Xo/4

A dielectric () of width
Xo/4 is inserted into the gap
as shown.
What is Q, the final charge

Conceptual Analysis: on the capacitor?

C = g
Vv

What changes when the dielectric added?

A) Only C B)onlyQ C)onlyV ‘D)CandQ‘ E)VandQ

Adding dielectric changes the physical capacitor ===  C changes
\/ does not change and C changes m==Pp  Q changes
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Calculation

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

To calculate C, let’s first look at:

S

A) Vet < Viight ‘ B) Vietr= Vrignt ‘ C) Vierr> Vrignt

The conducting plate is an equipotential !

« >

Xo/4

An air-gap capacitor,
having capacitance C, and
width X, is connected to a
battery of voltage V.

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

What is Q;, the final charge
on the capacitor?
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Calculation

An air-gap capacitor, having

capacitance C, and width X,

vV C, V is connected to a battery of
voltage V.

(]
g
*
o><
4
1]
g
| =

A
v

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

X
o

~

=

What is Q;, the final charge
on the capacitor?

Can consider capacitor to be two capacitances, C; and C,, in parallel
_1 ¢,

|
1
What is C; ? | —

A) C1:C0|B) clz3/4co| C)C,=4,C, D)C,=Y,C,

_ 1 ¢

In general. For parallel plate capacitor: C = gA/d

A=3,A —
d=d o == C, =3, (6Addy) == | C.="/,Cq
=0, —
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Calculation

What is C, ?

An air-gap capacitor, having
capacitance C, and width X,
V is connected to a battery of

— . voltage V.

« > Adielectric (x) of width x,/4
is inserted into the gap as
shown.

| What is Q;, the final charge
C, on the capacitor?

A) CZZKCO B) C2:3/4KC0 C)C2=4/3KCO | D) C2:1/4KC0

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

A=A

=P C = Yi(k5y Ay/dy) == C, =1/, xC,
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Calculation

An air-gap capacitor, having
capacitance C, and width X,
V is connected to a battery of

A —— voltage V.
— 4____Xg___» # _ .

« > Adielectric (x) of width x,/4
is inserted into the gap as
shown.

| | What is Q;, the final charge
C, on the capacitor?

) 1
. = . C,=%,Co C,=Y, xCy
]

What is C? 1

1 1
A)JC=C,+C,| B)JC =C,+«C, C)C:(C + J
2

1

C = parallel combinationof C,and C,: C=C, +C,
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An air-gap capacitor, having

capacitance C, and width X,

vV C, V is connected to a battery of
voltage V.

(]
'
*
1
|
:o><
1
|
4
1]
'
| =

A
v

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

X
o

~

=

| | What is Q;, the final charge
on the capacitor?

1 1
. = . C,=%,Co C,=Y, xCy
]

What is Q?
CEV9 m—p Q =VC
3 1
Q,=VC,| —+—«
4 4
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