From the “Foxtrot” comic:

You GoT A D" IT'S NOT ™M
YOUR PHYSICS TES FAULT'

WHO FIGURED OUT IT TAKES 10,000 HOURS
OF PRACTICE IN ORDER To BE REALLY
| GooD AT ANYTH!NG. >

9
r JASON WAS TELLING ME ABOUT THIS GLY

ScHooL JUST STARTED A FEW
WEEKS AGO. I'VE ONLY BEEN
DOING PHYSICS FOR LIKE 30
HOURS.

PETER, EVEN AT I KNow. So

THE END oF THE DON'T EXPECT
YEAR YOU WON'T SUPER-GooD
HAVE 10,000 HOURS! GRADES.

A

www.foxtrotcom twitter: @billamend

£2011 Bl Amend / Dist. by Universal Udlick

YOU FORGOT THAT LIFE WAS
MOo™M HAS OVER So EASY AS
10,000 HOURS

OF PRACTICE
SEEING THROUGH
YOUR BULL.

Fun fact: cartoonist Bill Amend took the unusual career path of
turning a physics major into a cartooning career




Scores on Test
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 70+: Doing fine!

» 60’s: doing ok, some things you need to figure out

* 50’s: meh

Lower: time to worry

(the red line and fit parameters show a Gaussian fit failing miserably)

Best guess at a “curve” (ie, turning percents into letter grades) is online, and
uses your total score (see next slide)



Total Scores
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| Constant 3.726 + 1.068
6 L Mean 74.66 £+ 3.01

- Sigma 1487+5.74 —L

| | 1 | | 1 | | 1 |

| lwl I 1 1 1 I 1 1 1

o200 20 60 80 100

eGradebook total calculation done with:
* Dropping lowest thing in each of: HW, In class thing, clicker, online HW, online RQ

Following the recipe on the “grades” link, a letter grade is posted.
If the semester was done today, that’s what you'd get.

Someone will now ask: “Was this curved?”.
Answer: the very act of turning some percent grade into some letter grade
is exactly what “curving” does. So, yes.
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So, what is this proportionality constant Cf 3r this set of parallel plates?
Let’s work it out using Gauss’ Law

SC AA = @z/u

S|t g = 2.
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The plates of an isolated parallel plate capacitor with a
capacitance C carry a charge Q. What is the
capacitance of the capacitor if the charge,js increased

?
/2 to 4Q):

. C/4
4C
2C

pwoN e




A parallel plate capacitor with plates of area A and plate
separation d is charged so that the potential
difference between its plates is V. If the capacitor is
then isolated and its plate separ [3n is increased to
2d, what is the potential differ between the

1. 4V c = Q plates?
/\/ 39%
/2. 2V p
e
3. V {0/4;@
0.5V Y
5. 0.25V
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Positively charged
particles moved
dq - one at a time

Fig. 27.7
A. Before B. After

© Cengage Learning
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The plates of parallel plate capacitor are separated by a
distance d and carry a charge of g. The distance
between the plates is reduc(yed to d/2. How is the
energy in the capacitor agfected by this change?

IF CONSTANT V

V1. Energy increases by twi

2. Energy increases by fou es

3. The energy does not ch@dhge

4. Energy decreasesto af

5. Energy decreasestoah

U ’-'—\/2Q Vz
(= f% C—2C

49 of 54




The plates of parallel plate capacitor are separated by a
distance d and carry a charge of g. The distance
between the plates is reduced to d/2. How is the
energy in the capacitor affected by this change?

46%

1. Energy increases by twice IF CONSTA
2. Energy increases by four times
3. The energy does not change
4. Energy decreases to a fourth

15%

/5. Energy decreases to a half
L= &
2 C

C =7 Lx
48 of 54

8%




Fig. 27.14

Becomes
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+
- — — < Gap
w Becomes
negative

Switch closed

Charged particles
continue to build up on
plates of capacitor until
potential difference
between plates of
capacitor equals
terminal potential:

E=V.=Q/C.
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Negative terminals
are connected by a
second wire.

Fig. 27.20

Positive terminals
are connected by
one wire.
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A. Lightbulbs in parallel B. Batteries in parallel C. Capacitors in parallel

Fig. 27.16

oW
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A. Lightbulbs in series B. Batteries in series C. Capacitors in series



Fig. 27.21
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What's the total C of this parallel set of caps? { =C / T SN
Ly=Cs V
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Fig. 27.15
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Fig. 27.19




What's the total C of this series set of caps? v, = < vV, = %
o L
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What are charges and ,
voltages everywhere if We first reduce the

We hook this up to : - .
A 12.5V car battery? circuit to a Smgle

capacitor.
A
Cl — C2 —~
12.0 ;,LFI_ 5.30 ],LFT
b

Cq =
4.50 uF

(a)

Copyright © 2011 John Wiley & Sons, Inc. All rights reserved. halliday_9e_fig_25_10a



The equivalent of
parallel capacitors
IS larger.

(0)

Copyright © 2011 John Wiley & Sons, Inc. All rights reserved. halliday_9e_fig_25_10b



The equivalent of
series capacitors
IS smaller.

?—

1% Cios =
3.57 uF

(¢)

Copyright © 2011 John Wiley & Sons, Inc. All rights reserved. halliday_9e_fig_25_10c



Next, we work
backwards to the
desired capacitor.

Q=140
125V
Cios = | Vigs =
3.57 uF | 125V

(d)

Copyright © 2011 John Wiley & Sons, Inc. All rights reserved. halliday_9e_fig_25_10d



Applying g=CV
yields the charge.

halliday_9e_fig_25_10e



Series capacitors and
their equivalent have
the same g (“seri-q”).

125V

(/)

Copyright © 2011 John Wiley & Sons, Inc. All rights reserved. halliday_9e_fig_25_10f



Applying V = ¢/C yields
the potential difference.

5 712 = ‘
44.6 uC

7ClQ = Vé? =

12,5V ;SE”F s
44.6 uC

Cg = Vg =

450 uF [ 9.92V

(g)

Copyright © 2011 John Wiley & Sons, Inc. All rights reserved. halliday_9e_fig_25_10g



Parallel capacitors and
their equivalent have
the same V (“par-V”).

| M T ~
450 uF | 9.92 V

()

Copyright © 2011 John Wiley & Sons, Inc. All rights reserved. halliday_9e_fig_25_10h



Applying g= CV
yields the charge.

Cg ="T Vs =
450 uF | 9.92 v

(2)

Copyright © 2011 John Wiley & Sons, Inc. All rights reserved. halliday_9e_fig_25_10i



You work out this example:

A 2 uF and a 4 uF capacitor are connected in series
with an 18V battery.

What are Q and V across each capacitor?
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Now take those same capacitors, unplug them from
the battery carefully so as not to lose their charge,
and connect them together in parallel instead.

What are Q and V across each capacitor?
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Do Equivalent Capacitance
Handout



