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Announcements

* Assignments for Thursday, October 18th:

- Reading: Chapter 28.1 - 28.2, 28.4

- Watch Video: https://youtu.be/39VKt4CcSnU— Lecture 14 - The Magnetic Force and Field
e Homework 8 Assigned - due before class on Tuesday, October 23rd.

* Midterm Exam 2 will be in class on Tuesday, October 16th. It will explicitly cover chapters
24 - 26. However, these chapters build on the previous material and you will be expected to
apply all concepts/information from the beginning of class to this point to any problem or
question that you encounter on the exam. There will be a seating assignment for the exam.

* Dr. Cooley will be out of the office the week of October 15th. Her office hours are cancelled
that week. If you need to reach her, please send an email.
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CALM

AND

ITS
QUIZ TIME




Review Question 1

Charge flows through a lightbulb. Suppose a wire 1s connected across the bulb as shown.
When the wire 1s connected

A) all of the charge continues to flow through the
bulb.

B) half the charge flows though the wire, the other 2
____half continues through the bulb. !

C) all of the charge ﬂows though the wire.

The wire had essentially zero resistance and is in parallel with the light bulb. Thus, all
charge flows through the wire.
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Key Concepts

Charging a Capacitor: eq g
L L , WW—
To charge an the capacitor in the RC circuit shown, we close switch 10 R
S on point a. %Ii__
The charge on the capacitor increases according to

q = C(é(l — e—""RC) (charging a capacitor).

C&= qo 1s the equilibrium (final) charge and RC=t 1s the capacitive time constant of the circuit.

During the charging, the current and voltage are

._d_q_("éi

"~ ar  \R

At )e_";RC (charging a capacitor). Vc = q — =,g(1 — e-r-’R(') (charging a capacitor).

C

0 2 4 6 8 10
Time (ms)
Copyright © 2014 John Wiley & Sons, Inc. All rights reserved.

capacitive time constant:
T = RC (time constant).
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Key Concepts

Discharging a Capacitor:

To dicharge an the capacitor in the RC circuit shown, we open switch 15 R
S on point a. %Ii

When a capacitor discharges through a resistance R, the charge on the
capacitor decays according to

~t/RC (discharging a capacitor),

q = g€

where qo (=CVy) 1s the 1nitial charge on the capacitor.

2 (mA)

During the discharging, the current 1s

2 4 6 8 10

[=——=— ( )e ~HRC  (discharging a capacitor). Time (ms)
R C Copyright © 2014 John Wiley & Sons, Inc. All rights reserved.

qo

A%
'6' A capacitor that 1s being charged initially acts like ordinary connecting wire
relative to the charging current. A long time later, it acts like a broken wire.
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Question 1

A simple circuit consists of a resistor R, a capacitor C charged to a potential Vo, and a switch that
1s mitially open but then thrown closed. Immediately after the switch 1s thrown closed, the
current 1n the circuit 1s

, A) Vo/R |
B) zero. .

C) need more information. R l |

Immediately after the switch is thrown closed, the current is Vo/R. It decreases from
this value to zero exponentially, with a time constant equal to RC.
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Question 2

What effect, 1f any, does increasing the battery emf in an RC circuit have on the time to charge
the capacitor?

A) The charging time will decrease because the rate of charge flowing to the
plates will increase.

B) The charging time will decrease because the rate of charge flowing to the

IC) The ehargmg time W111 not change because the ehargmg time does not
depend on the battery emf

D) The ehargmg time will increase because the emf is increased.

E) The charging time will decrease because potential difference across the
plates will be larger.
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Instructor Problem: Charging a Defibrillator

T_I

placed across

¥ human chest...

Simple model of a “defibrillator”
energy storage circuit.
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The energy storage part of the defibrillator can be
modeled as an RC Circuit (see lower image). It 1s
powered by a 2.5 kV potential supplied by an energy
storage device (e.g. a battery). The capacitor needs to
be able to store a maximum charge of 150 uC. Before
the switch 1s closed, the capacitor stores no charge.

a) What capacitance 1s needed to accomplish this
goal?

b) What resistance 1s required in order to achieve
99% of maximum charge 1n 3.0 seconds?

c) After the switch 1s closed, at what time, t', 1s the
voltage across the resistor equal to that across the
capacitor?



Given: £=25kV =25x10°V
Gmax = 150 uC =15 x 107* C

Part A:

The capacitance needed will be the one such that

Amax — C¢&

Since at t = o s, the voltage across the capacitor will be that supplied by the emf.

q"rna,x
O —
E

- 15x107*C
- 25x103V

C'=6.0x10"%F =60 nF
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Part B:
Given: ¢ =30s Find: R
V. =0.99&
The charging equation 1s
V. =E(1— e /RO
Apply to our problem. Att=3.0s:
0.99€ = £(1 — et /HC)
0.99 — 1 = ¢ */HC

—0.01 = e_t,/RC

—t/
RC
—t/ —3.0 s

In(0.01) =

= n(0.01)C  In(0.01)(6.0 x 6.0 x 108 F)

R=108x107Q=11MQ |
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Part C:

Find: Time t’ at which V. = Vr.

We know:

Vo = E(1 — e /1) (rises over time)

Vi = Ee V/RC (declines over time)

We need to solve when these are equal.
Vo(t') = Vr(t) ln<%> = —t/RC

E(1— 6—t’/RC) _ £et/RC 1

1 = 2€_t/RC 1
— (1.08 x 107 Q)(6.0 x 1078 F) ln(§>

1
1 _ -t/RC
2
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Student Problem: Discharging a Detibrillator

1T

During delivery of the
stored charge to the
heart, these switches are
open and the power
source 1S disconnected.
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To deliver the stored
energy, draining it from
the capacitor through
the heart, this switch 1s
closed at time t=0.

To discharge the stored energy across the heart, switches
to the original voltage are opened (disconnecting the
capacitor from 1ts energy source) and instead the
capacitor 1s connected to itself, across the heart, by
closing another switch. At time t=0, the voltage across
the capacitor 1s 2.5 kV.

a) If the capacitance, C, 1s 60.0 nF, what resistance, R, 1s
needed 1nside the circuit to deliver 99% of the stored
charge 1n the capacitor across the heart in 0.20 s?
Treat the human chest and heart as just a big resistor,
and for 1ts resistance use Rehest = 9.0 x 102 €.

b) Just as the switch 1s closed and the current begins to
flow through R and Rchest, what 1s the voltage across
Rehest? Is 1t dangerous? As a guide, to cause internal
burns the flesh has to be exposed to at least 500 V.



Part A:

Given: Rechrest = 900 €2
C' =60.0nF =60.0x10"° F

V =925k =2.5x%x 103V L

Find:
R such that 99% of the charge 1s delivered across the heart in 0.2 s.

We know a couple of other things as well. At

t =0.02s — 0.01g0 where qo = C'V}

The capacitor 1s discharging so, the charge goes as

q = qoe” /T

Since our resistors are in series: B = R+ Repest
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| q = qoe /1T

If g=0.01qo when t = 0.2 s, then:

0.0l(]() — qu_t/RTc

In(0.01) = g,
T

R = Rc es
In(0.00)C "t

0.2 s
R = 900 ()
111(0.01)(60 x 109 F)

B R =7.2x10°
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Part B:

After the switch 1s closed, V. 1s still 2.5 kV. Since R and Rchest are 1n parallel, they share the
voltage. Thus,

Ve = ViR + Venest \m\;
e
In order to find Vcnest Wwe need to eliminate V. -~ 2 Piheed
| 1
Vi = inR —

Vchest — Z.chest Rchest

For circuits 1n series — we know that 1r = 1chest, thus

VR Vchest Vchest

e iR — Z.chest — _ R
R }%chest }%chest

Now plug Vr into our expression for Ve
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Now plug Vr into our expression for Ve

VC — VR + Vchest

Vc es
— hest R + Vchest

]%chest

R
— Vches -1
hest (Rchest >

1

Vc — Vchest R (R + Rchest)
chest

RC es 900 Q
hest v — 95 kY

Vc est —
" R+ Renest 7.2 x 10° Q + 900 ©

Vehest = 3.1V
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The End for Today!
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