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Section 27.1 Single Loop Circuits



EMF Device as “Charge Pump”

To produce a steady flow of charge, you need a “charge pump,” a device that—by doing
work on the charge carriers—maintains a potential difference between a pair of terminals.
We call such a device an emf device, and the device is said to provide an emf € which
means that 1t does work on charge carriers.

Figure (next slide) shows an emf device (consider it to be a battery) that is part of a simple
circuit containing a single resistance R. The emf device keeps one of its terminals (called
the positive terminal and often labeled +) at a higher electric potential than the other
terminal (called the negative terminal and labeled —). We can represent the emf of the
device with an arrow that points from the negative terminal toward the positive terminal.



EMF and Current in Single-Loop Circuits

A small circle on the tail of the emf arrow distinguishes it from the
arrows that indicate current direction.

. a
/) |
— |
I
Wi I a,
¢ = emf (voltage) "
1 = current ’
, € R l’
R = resistance

|
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EMF as Work per Unit Charge

An emf device does work on charges to maintain a potential difference
between its output terminals. If dW is the work the device does to force
positive charge dqg from the negative to the positive terminal, then the
emf (work per unit charge) of the device is

dw
€= d_q (definition of ¢)

An ideal emf device is one that lacks any internal resistance. The
potential difference between its terminals is equal to the emf.

A real emf device has internal resistance. The potential difference
between its terminals is equal to the emf only if there is no
current through the device.



Energy Method for Calculating
Current in a Single-Loop Circuit

Equation, P = i’R, tells us that in a time interval df an amount
of energy given by i?R dt will appear in the resistor (shown in
the figure) as thermal energy. This energy 1s said to be
dissipated. (Because we assume the wires to have negligible
resistance, no thermal energy will appear in them.)

During the same interval, a charge dg = i dt will have moved
through battery B, and the work that the battery will have
done on this charge 1s

dW =edq = eidt



Conservation of Energy Source vs. Circuit

From the principle of _
conservation of energy, the work The battery drives current

done by the (ideal) battery must through the resistor, from

equal the thermal energy that  high potential to low potential.

appears in the resistor:
]

— :
Y, Higher
gidt = 1" Rdt potential
Which gives us: %i%_— B R l’
. ®a
1 = E/R Lower
-— potential
)
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Current Calculation Methods for Single-
Loop Circuits

Loop Rule: The algebraic sum of the changes in potential
encountered in a complete traversal of any loop of a circuit
must be zero.

Resistance Rule: For a move through a resistance in the
direction of the current, the change in potential is —iR; in the
opposite direction it is +iR.

Emf Rule: For a move through an ideal emf device in the
direction of the emf arrow, the change in potential is 4+,
while in the opposite direction is +¢€.



"
—=—"\N\N\N"—*
Source Internal Resistance in A Circuit =
velinse
b‘ —’» b “i L
oy _ —— MWW——
,T ’ R 11 g i E___i %
: icg kS \';R v, |
/ — Emf device Resistor
Real battery i

(a) (b)
Copyright © 2014 John Wiley & Sons, Inc. All rights reserved.
Figure (a) shows a real battery, with internal resistance r, wired to an external resistor of resistance R.
The internal resistance of the battery is the electrical resistance of the conducting materials of the

battery and thus is an un removable feature of the battery. Figure (b) shows graphically the changes
in electric potential around the circuit.

— |
If we apply the loop rule clockwise beginning at point a, the changes in potential give us: _
L ] - high porethiat
€ —ir -iR=0 Solving for current, we find: i=— T :
5 ’ (R+7r) — : Low Po-fel/l{w‘( ‘o
Copyright ©2022 John Wiley & Sons, Inc. —)1'/\/\/\/\‘\ Lo Q:\\QN\*‘.Q\L 10
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Potential Difference Between Points in a
ingle Loop Circuit

To find the potential between any two points in a circuit, start at one

point and traverse the circuit to the other point, following any path, and
add algebraically the changes in potential you encounter.

Sum of poleatiod
is 0 swe Yowerer
muM W e,

dou. YoPR exoltiv
Are, Sowg Ovmouny

Potential D'ffere_nce acro_ss a real The internal resistance reduces
battery: In the Figure, points a the potential difference between
#=%“ and b are located at the terminals the terminals.
of the battery. Thus, the potential | —
difference V , - V ,is the terminal- pl+
IR to-terminal potential difference V | G55
o .. . -~ R=4.0Q
across the batter and is given by:
=0 i B-12V
/ V =& —iT' {1,-[_ ;
£ e
IooP whe 1 2 =0 Copyright © 2014 John Wiley & Sons, Inc. All rights reserved.
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Section 27.2 Multi-Loop Circuits
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Resistors connected end to end are said to be in series. They can
be replaced by a single equivalent resistance without changing the

current in the circuit.

Resistors in Series

I Ry
(1 AW L ;
vV —_—
1 ®
A
+
c V. <R
=t 2 2
TE ; "
g = »
B Vs
I h YWWWA —J
R I B

(a) (b)
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Since the current through the series resistors must be the same in
each, and the total potential difference is the sum of the potential
differences across each resistor, we find that the equivalent
resistance is:

Equivalent Resistance for Resistors in Series

Req =Ry + Ry + Ry + -+ = DR

SI unit: ohm, ()

14



Resistors in Series

e The currentin the circuit is the same for each user

I, =I=I,=I,=..

* The sum of the voltage drop is equal to the total voltage drop

Ve =V i+ V+ V4.

e The effective resistance is the sum of all resistors in the series

R, =R +R,+ R, +...



: V=iR
Checkpoint#1 "+ ...

i

&QW‘@ o b
If R, > R, > R, rank the three resistances g =, 7 R, i
according to: vi 2V > Vgl R2§ l
(a) the current through them and (b) the Ry
potential difference across them, greatest a 7
first. (@)
Series resistors
Answer: and their
. . . . equivalent have
(a) current is same for all resistors in series. the same
current (“ser-i").
(b) V,, V,, and V,remember that current ;
through series resistors is the same )
(conservation of charge), and the e N § l
voltage drop over each resistor is given )
by Ohm’s Law. .

a

()

Copyright © 2014 John Wiley & Sons, Inc. All rights reserved.
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Resistors in Parallel

o _I o o o
_ _ e s
Resistors are in parallel when they e
are across the same potential c[HE RS R, R e
difference; they can again be
replaced by a single equivalent
resistance: b TT & ° P
Ly e, %
(s
E :% R

eq

[ (b) 17



Using the fact that the potential difference across each resistor is
the same, and the total current is the sum of the currents in each

resistor, we find:

Equivalent Resistance for Resistors in Parallel

1 1 1 1 1
= . = 2 —
Req Ri Ry Rj R
SI unit: ohm, () musk de eupocad

Note that this equation gives you the inverse of the resistance, not
the resistance itself!

18



Resistors in Parallel

Total current in the circuit is the sum of the current in all its paths
(branches)

l,=1+1,+1;+..
Voltage is the same in each path.

v, =V ,=V,=V,=..

The equivalent resistance decreases with more parallel resistors such
that.



Summary
Resistors: Series vs. Parallel Combo’s

Series and Parallel Resistors

Series Parallel

Resistors Resistors
- . 1 —_— n 1 .
Req = ZRJ. Equation (27.1.7) R— = ;RT Equation (27.2.7)
j=1 eq = J
Same current through all resistors Same potential difference across all resistors
)

® .

Copyright ©2022 John Wiley & Sons, Inc. 20



Capacitors: Series vs. Parallel Combo’s

Series and Parallel Capacitors

Series Parallel

Capacitors Capacitors
1 &1 C
C—eq = 2 EJ Equation (25.3.2) Ceq = Z:‘Cj Equation (25.3.1)
j=
Same charge on all capacitors Same potential difference across all
capacitors

Copyright © 2018 John Wiley & Sons, Inc. All rights reserved.
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Checkpoint #2

A battery, with potential V across it, is connected to a combi
of two identical resistors and then has current j through it.
are the potential difference across and the current through either
resistor if the resistors are (a) in series and (b) in parallel?

Answer:

(a) Potential difference across each resistor: ~ © 7 ; T
2 Yot ”
Current through each resistor: i € %

(b) Potential difference across each resistor: V

Iz b b b
oame C}lf“—“* ngf
Current through each resistor: ; Ne=&- -
2 1:t=3

Copyright ©2022 John Wiley & Sons, Inc. 22
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Resistors in Series and Parallel

If a circuit is more complex, start with combinations of resistors that
are either purely in series or in parallel. Replace these with their
equivalent resistances; as you go on you will be able to replace
more and more of them.

1+

o
MW
P
MW
™
1l
1+

25 R

Q)]
1l
i+

(a) (b) (0
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Examples

What is the equivalent resistance of each of the following cases.

R,
g_:‘.f)
ws‘cs o 30 Q
Rey = 2t CAAMD gy n B Ras ST
7TQ A
a b
50 90 130 —-— \A\N/—o *—o—
a X 3 b —> —>
-\ \\—-"\\\—\/\/\/\—e- ! 60 !
—> —>
I I o —VW—y
(a) (¢)
- A
?QML N TzL"‘I'L'*B
( Lkl
.K/ls—(p:* "’rL 20 Q\« 20Q b a 16 Q o 40 Q n Feq-:lé-f-'{o-_-SG
1
By - >0 , + Byt
9 AMA—¢ —4 — oelek
I 4Q I / 8 Q /
ffq
o —AMA—I}, — AN——— 128

(b)

(d)
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Example

If the equivalent resistance of the shown network is R, =19 Q, what is the value of the
unknown resistance R?




| ‘ R SERIES CIRCUITS

concepluak  GPESUOT . ecs

o s & P
&omm ™ML
Explain what happens to the current
Lm‘eANt =0
in a series circuit when there is a C

break in the circuit.

The circuit is no longer complete, therefore current can not flow

Explain what happens to the

voltage across each bulb as
more bulbs are added to the OCCNGase
circuit.

The voltage decreases because the current is decreased
and the resistance increases.

27
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“%%% < PARALLEL CIRCUITS

Qcoﬁiw

-—

"= Explain what happens to the current in each bulb as more

bulbs are added to the circuit.

The current remains the same. The total resistance drops in a
Sexies Pocolled

ci5a | pesa Parallel circuit as more bulbs are added
7\1:2—0' Q\;:ZIL

‘:;:; xplain what happens to the total current provided by

he battery as more bulbs are added to the circuit.
GEDMM %‘_’mqm

oyseaiest The current increases.

28



Examples

Find the voltage and current for each resistance in the figures shown.

V ~ T = §9x4220V
@ 60 volt y N =¥ 2 7
I$/
| I = \1#5:14#1132/8\,
Rea=5+F+3 /%
60 ‘4‘A \l‘ob¢3x‘45av
Q5 70 30, =7
77 Fs o F—s
3ovolt | (a) 5
® ° | 1Y — L= 7= 5A
L1, nor bR
== L c:9A
1) I, ——’): =—q <
4Qj.’_ , 1" % 2 « lc%C[BA
a - _~N 6 -
o —>-$> ANA—¢ (=¥ > _36-44
-3 3T o
771 | Ba _ T > ©
AW,

29
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Examples

Find the voltage and current for each resistance in the figures shown.

® e
L ;—:KI— +‘F(j5‘—4 R,3=642 @ T 238 volt €. i;; 84 _ 12 A
fe 273 r < I I : v .= E- 7

o~ b _ -
o~ \l \| b @VQC'IB\N;_’ |54'V 1\/ c 42Q[2? y) @
1oF ZZVVV AL
: 6 Vep? TRy B4V na |~ b
1\ N a_é)’\/\/\/‘-}oc O ¢—o—! b
o 3 v 235 - 154 =84V ol T ks a
Sexes’ ° PME Wy @ Seld St“d'j v '5(:(:1) Ry v
?\'%c | +6 =17 180 volt
15Q 50
VW ——— VWV
— L
Ui 120 Eia
L AAA———

(d)
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Examples

Find the voltage and current for each resistance in the figures shown.

| 238 volt
|
|
Reqmn%g_ 6 Ohm, R =17 Ohm | oo
ItOt =?= 14‘14, W
V, =14 x 11 = 154V, e )
Vy3 =14 X6 =84 =238 —154 =84V, o oo ==
L=14AL=2=241,=2=124 ’ 70 '
42 7 AAAA
180 volt ()
15Q 5Q
VNV AN
V3 =180V, I3 == =154, ) )
Vier =180, 1, = —2 =9 4
1+2 — » 11,2 — E — T 120 T>

(d)



Kirchhoff's Rules Tomter = Lippa

More complex circuits cannot be broken down into series and
parallel pieces. Turchion

For these circuits, Kirchhoff’s rules are useful. -
Lop cule SV =

The junction rule is a consequence of charge conservation, the loop

rule is a consequence of energy conservation. [ (ne(_ 501
JU\‘(\C/J“OV\ (w\g \ (\o( \O\O‘U%

T/—(‘_f]:

+12,-391-1.21 481 = 0
UQQ ’L, ——
_,ﬁ -+ [ ~2I,-— é-_:l"_—(:z =6

Logp > ﬁ
2-39L-6FF9-98T <

Y

.

32




£=1|‘\—12

Juuchan e

412,-291-121-981 = 0
Lep L
_,q.'-l-zrl—- évq'_—[:z =6

lowp >

+2-39L- 6.'%"12—9 -9.83T <0
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The junction rule: At any junction, the current entering the junction™

must equal the current leaving it. hor, Ty must b0 loadg
i anwet o e | not alwors  Pred doomudo. Lol M;g( ]

wsk W e (aones [joing Junclions X9 I
o ( 1 )
«3\&: “:N\\‘? \\2 Y gimule ¢! ‘ﬁ‘
“Wowo‘wte
I
11_12_13=9,£ 13
@Suv\c)c\m W A\ -ﬁ’ig\‘?/\' ".l
"L\:“L.L-\-T.B
1R,-,TR=0 T,-L15=° 81 1t R R
*€'~ e Ta+0L,+ L€ | T[= 1 2
&U’"\’ L%T—&z*ez*fa““ 9 ox,-T R TR =6,
+
@+91-T27~1'T,P\50 Pui MMGIS 82 —
(B A e N R
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Kirchhoff’'s Rules

The loop rule: The algebraic sum of the potential differences around
a closed loop must be zero (it must return to its original value at the
original point).

g‘l‘AVCD:O i




Using Kirchhoff's rules:

* The variables for which you are solving are the currents through
the resistors.

* You need as many independent equations as you have variables
to solve for.

* You will need both loop and junction rules.



Junction Rule: The sum of the currents entering any junction must be
equal to the sum of the currents leaving that junction. i,_i; + i,

Figure shows a circuit
containing more than one
loop. If we traverse the left-
hand loop in a
counterclockwise direction
from point b, the loop rule
gives us

e-i,R,+i3 R;=0

The current into the junction
must equal the current out
(charge is conserved).

¢, 2,
-|+—0 O—p
a -|-|I_ b _=I+ C

C Ole’i ‘—lht 02022 John Wi ]ey ( Copyright © 2014 John Wiley & Sons, Inc. All rights reserved.
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If we traverse the right-hand loop in a counterclockwise direction from point b, the
loop rule gives us:

If we had applied the loop rule to the big loop, we would have obtained (moving
counterclockwise from b) the equation

which is the sum of two small loops equations.



“Thn 16 Apc
Example

,’;:«hn OG'?‘ i
*‘ 20> \& e e 26)29_— \Glsr=

Use Kirchhoff’s rules to evaluate the | . cpa—
currents I, I,, and I3 in the shown .

R

circuit. T
LOO(') 1 + é\—I\R\’E‘Q’\ +.-£|v~\

PitUre

AnS.11=5A,IZ=3A,13=8A

38



On “Tue, 21 Apr
P Example  =C 8
APt
In the circuit shown, use Kirchhoff’s rules to find the values of the T;=144
unknowns R,, |, 1, :
T +I,=1,
’_\;‘-\—\-6-;11 0,

I: I. 13
lap 1: 30V-10L ~ TR, =0 (D _>_/WV\, <

joop 2.¢ —20Lg+50-TR0=0 @

I(/L
—~36 +50 -L_(2,=0Q @
2 2
\4-T R0 ({=1,R, T @ R, T

g 50 volt
[z} 20-0T,~14=0 I,

~(0T, +/6=0 I,/k 4 ‘
e W,
T.=(CA 0-1008)— (3U)R, =0 R;=20 Q)
(q'3-L{/Z,Z:O
B\ (-6¢8- T,=3.4 [4=34R,
3.4 43.:/
R.,=d.( 39




Additional Practice

In the circuit shown, use Kirchhoff’s rules to find the values of the
unknown currents

Tanckon awke: T Torts

loop \: 15—[00]'_"’10013:0 [FWf " i
— C"«{OMW Loop 1
leop 2:-9—100 T H00T =6 okt > 52
15V :% 1

100.0 Q

MW @

- B 12

L

Ans.
I, = 0.074, [, = —0.014, [, =0.084

40



e Additional Practice

* Find the magnitude and direction&cloockwise or counterclockwise ) of the current in the circuit

shown. +I5V-8.5T+[1:5V-6-22L-/5 I=0-894 clockusis® ™oy ot vekeing eacn ohes
26.5V -29-3L.L =0
e Forthe same circuit, if the polarity of the (11.5 v) pu X I
battery is reversed, do you expect this to increase D 4 W\f\: > —"+ - C
or decrease the amount of current flowing in the T\ 8.50 () 141'5 Vv VT
circuit? Calculate the magnitude and direction
(clockwise or counterclockwise) of the current in +
s case — 150V D/ 620 §
+19V-25T ~/[.5V~- T-/5. [T =0 T/
SY-85L-|[-5V-6221-/51 510 NS
3.5\ -2%.82T =9 B <A Z A
=35 _g.\\FA dockusst o (;j;zt 3

2282
Start fom  boper

41



Sample Problem 27.1.1 Home Pra Ctice

Single-loop circuit with two real batteries

The emfs and resistances in the circuit of Fig. 27.1.8a have the following values:

& =44V, & =21V,

ry=230, =180, R=550.

(a) What is the current ¢ in the circuit?

KEY IDEA

We can get an expression involving the current ¢ in this single-loop circuit by applying the loop rule, in which we sum the potential changes around the full loop.

Calculations: Although knowing the direction of % is not necessary, we can easily determine it from the emfs of the two batteries. Because & is greater than &), battery 1 controls the direction of 4, so the direction is clockwise. Let us then apply the loop rule by going
counterclockwise—against the current—and starting at point a. (These decisions about where to start and which way you go are arbitrary but, once made, you must be consistent with decisions about the plus and minus signs.) We find

&S +im+iR+ira4- & =0.

Check that this equation also results if we apply the loop rule clockwise or start at some point other than a. Also, take the time to compare this equation term by term with Fig. 27.1.8b, which shows the potential changes graphically (with the potential at point &
arbitrarily taken to be zero).

Battery 1 Battery 2

(@)

Potential (V)

42




Figure 27.1.8 (a) A single-loop circuit containing two real batteries and a resistor. The batteries oppose each other; that is, they tend to send current in opposite directions through the resistor. (b) A graph of the potentials, counterclockwise from
point a., with the potential at a arbitrarily taken to be zero. (To better link the circuit with the graph, mentally cut the circuit at a and then unfold the left side of the circuit toward the left and the right side of the circuit toward the right.)

Solving the above loop equation for the current ¢, we obtain

i = & — & _ 44V -21V
R ry+m 550+230+180
=0.2396 A ~ 240 mA. (Answer)
(b) What is the potential difference between the terminals of battery 1 in Fig, 27.1.8a7
KEY IDEA

We need to sum the potential differences between points @ and b.
Calculations: Let us start at point b (effectively the negative terminal of battery 1) and travel clockwise through battery 1 to point a (effectively the positive terminal), keeping track of potential changes. We find that
Vo —irm + & =V,
which gives us
Ve —Vp=—ir  + 48
= —(0.2306 A)(2.30Q) + 44V
=4+3.84 V=38V, (Answer)

which is less than the emf of the battery. You can verify this result by starting at point b in Fig. 27.1.8a and traversing the circuit counterclockwise to point . We learn two points here. (1) The potential difference between two points in a circuit is independent of the
path we choose to go from one to the other. (2) When the current in the battery is in the “proper” direction, the terminal-to-terminal potential difference is low, that is, lower than the stated emf for the battery that you might find printed on the battery.

WileyPLUS additional examples, video, and practice available at WileyPLUS

Please refer to the Wiley plus e-textbook for extra
practice : 27.2.2, 27.2.2 and 27.2.3

27.2 MULTILOOP CIRCUITS | Fundamentals of
Physics, Extended - Wiley Reader
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Section 27.3 The Ammeter and The
Voltmeter



MD5L
Ammeters np oS

An ammeter is a device for measuring current, and a voltmeter
measures voltages. T Sedies 2 —

The current in the circuit must flow through the ammeter; therefore
the ammeter should have as low a resistance as possible, for the

least disturbance. Resiotande  spod be o0 smad ¥
A
\\‘;{//
A B A b B . n
@ (6 .ﬁl.__o % C 56‘751‘"/ "
Palﬁll(A
R R
> =§ R = o R -
C == CE=

(a) (b)
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Voltmeters

A voltmeter measures the potential drop between
two points in a circuit. It therefore is connected in
parallel; in order to minimize the effect on the
circuit, it should have as large a resistance as

. 150rs
possible.

A B

‘—x\
S
=
3
-3
/
|+
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Section 27.4 RC Circuits



RC Circuits

O ¢——2 capolddor = conin) c/\f\n(qﬁnﬂ/‘liso\«wqg\ng
When the circuit contains only batteries and

capacitors, charge appears almost instantaneously
on the capacitors when the circuit is connected.

If the circuit contains a resistance , battery and a
capacitor, this is NOT the case. This circuit is called
an RC circuit.

Resistors limit the rate at which charge can flow, and
an amount of time may be required for the
capacitor to become charged.

— AW\
€ .—.5 = C
(@ t<0
R
—— 05— AW
+q
€ :% = C
—4

(b)t>0

48
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RC Circuits - Charging

Charge does not flow from the positive plate to the negative plate through the capacitor.
Charge is transferred from one plate to the other plate through the resistor, switch, and
battery until the capacitor is fully charged.

Consider a series circuit containing a resistance and a capacitor that is initially
uncharged.

e With switch is open, there is no current in the circuit.

 When switch is closed att =0 s, charges begin to flow, and a current is present in the
circuit and the capacitor begins to charge.

* As the capacitor charges, the current varies over time.
* The value of the maximum charge depends on the voltage of the battery.

* Once the maximum charge is reached, the current in the circuit is zero.



RC Circuits - Charging

At t =0 s, when the switch is closed, the charge on the capacitor is 0 and the initial current is:
Imax = Vbattery/R
* Note Vpattery = € = emf

At t =0 s, the potential drop is entirely across the resistor.

As the capacitor is charged to its maximum value Q, the charges stop flowing and the current
in the circuit is O A and the potential drop is entirely across the capacitor.

After a long time. the maximum charge on the capacitor is reached

Qmax = CVbattery

From t = 0 s until the capacitor is fully charged and the current stops, the amount of current in
the circuit decreases over time and the amount of charge on the capacitor increases over
time.



RC Circuits - Charging

Charge and current in a charging RC circuit as a function of time: (€ = Vpattery )

C€E

0.8CE€

0.6CE

Charge, g

04CE€

0.2CE€

T 2T It 47
Time, t

Q(t) = Qmax(1 — e_t/RC)
qt=0)=0

q(t = ©) = Qupax = CVbattery

E/R

0.8 E/R

0.6 E/R

Current, [

0.4 E/R

0.2 E/R

Time, t

I(t) = Inax e t/RC
I(t =0) =Ipax = Vbattery/R
[(t=00)=0
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RC Circuits — the time constant (1)

* The quantity RC, which appears in the exponential component of the charge and
current equations is called the time constant T of the circuit.

T = RC (the time constant)

* The unit for the time constant is seconds.
Q- F=(V/A)(C/V)=C/(C/s) =5
* The time constant is a measure of how quickly the capacitor becomes charged.

* The time constant represents the time it takes the:
* current to decrease to 1/e = 0.37 of its initial (max) value (0.37 I;ax)-

e charge toincrease fromOto (1 —e™1) = 0.63 its final (max) value (0.63 Quax)
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RC Circuits — the time constant (1)

After 1 time constant (t = 17):

CEF———mmmmmmm === E/R
0.8CE - 0.8 &R
(g ~
%D 06Ce ™ = — A — 63% of max charge 5 0.6 &/R
5 I 3
04CE | 04 &R |-
l
l
0.2C€ : 0.2 &R
l
b, ! ! !

< T > 2T ot 47
Time, t

In atime t of one time constant 7, the charge q rises to 63% of its maximum, while the current I decays
to 37% of its maximum value
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RC Circuits — Discharging

Removing the battery from the circuit while keeping the switch open leaves
us with a circuit containing only a charged capacitor and a resistor.

o Do
S
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RC Circuits — Discharging

106

Ve

> k-

-

H 1o .
When the switch is open, there is a potential difference of Q /C across'the tapacitor
and 0 V across the resistor since I = 0 A.

If the switch is closed at time t = 0, the capacitor begins to discharge through the
resistor and a current flows through the circuit.

Both the current and the charge are maximum att = 0, and zero after discharging is
complete

At some time during the discharge, current in the circuit is I and the charge on the
capacitoris q.

ol

4 Q(t) — Qmax 6_t/RC

I(t) = Imax e_t/RC

Note: I,.x = Iy = V3 /R and Qax = Qo = CV,y where Vj, is the initial potential on
the capacitor
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RC Circuits — Discharging

Voa Q4
"'0 = Ql) .
[ — Qo _ D
e €
| |
| . l
0 t=CR t 0 t=CR
voltage charge

I &
Io"
ol —
2
I
L i -
0 t=CR [
current
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o 1ow 6 < 107°F Example
7

lZ.-:lxlO"-R
A 10 uf capacitor is connected through a 1 MQ resistance to a constant potential difference of
100 volt &=w0ov & 109 (574
a) What is the maximum current in the circuit? Toor ™ = 10°
) What is the maximum charge on the capacitor? Gue.=Ce€~ (7. 3 100= 10°C
c) Whatis the charging current at t=5s? i= %esc= 6-06%107 A
) What is the charge on the capacitor at t= 20 s? 86510
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Example

Consider the RC circuit shown in the figure. Find:

a)
b)
c)

The time constant
The initial current

It is desired to increase the time constant of this circuit by adjusting the value of the 6.5 ()
resistor. Should the resistance of this resistor be increased or decreased to have the

desired effect?
Fid R Rist:

Rseies =13+ €552

-l
R’PM«\\M .7(‘?5 + éﬁ) = 10-81L

—AWA
6.5 L)

§1SQ §24Q

15V

1+
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Example
Stolh o5 o\l\&ro&w-m)
A capacitor is charged to a potential of 12 volts and then disconnected

and reconnected to a voltmeter of internal resistance 3 MQ. After 7 seconds,
the voltmeter reads 5 volts.

a) What is the capacitance of the capacitor?
b) How long it takes the capacitor voltage to be decreased to 2 volts?
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Example

The time constant for an RC circuit is 14.4325s. What is the time required for the capacitor to
lose one half its maximum charge?

Soreenshot
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Example

How many time constants are required for a capacitor in an RC circuit to lose 70% of its charge?

20 =

=

3
(0
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Biomedical Applications: Problem 27

Side Flash. Figure 27.21 indicates one reason no
one should stand under a tree during a lightening
storm. If lightening comes down the side of the Lichuiing

: : S TN
tree, a portion can jump over to the person, current 11
especially if the current on the tree reaches a dry
region on the bark and thereafter must travel o B— Q;” o
through air to reach the ground. In the figure, ‘
part of the lightening jumps through distance d in y 0
air and then travels through the person (who has |
negligible resistance relative to that of air "

- N

because of the highly conductive salty fluids
within the body). The rest of the current travels
through air alongside the tree, for a distance h. If Answer: 3.6 kA
d/h = 0.400 and the total current is = 5000 A,

what is the current through the person?

Figure 27.21 Problem 27.



Biomedical Applications: Problem 75

Suppose that, while you are sitting in a chair, charge separation
between your clothing and the chair puts you at a potential of 200 v,
with the capacitance between you and the chair at 150 pF. When
you stand up, the increased separation between your body and the
chair decreases the capacitance to 10 pF. (a) What then is the
potential of your body? That potential is reduced over time, as the
charge on you drains through your body and shoes (you are a
capacitor discharging through a resistance). Assume that the
resistance along that route is 300 GQ2. If you touch an electrical
component while your potential is greater than 100 V, you could ruin
the component. (b) How long must your wait until your potential
reaches the safe level of 100 V?

If you wear a conducting wrist strap (Figure 27.55) that is connected
to ground, your potential does not increase as much when you stand
up; you also discharge more rapidly because the resistance through
the grounding connection is much less than through your body and
shoes. (c) Suppose that when you stand up, your potential is 1400 V
and the chair-to-you capacitance is 10 pF. What resistance in that
wrist-strap grounding connection will allow you to discharge to 100 V : - 2

in 0.30.s, which is less time than you would need to reach for, say, Fiowe 2055, Troblem 1o, Wanl sttapiodichares static
your computer? electric charge.

S

Answers: (a) 3.0x103V, (b) 10's, (c) 1.1x10%° Q)
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