Batteries and Current

The charge “falls downhill” through
the wire, but a current can be sustained
because of the charge escalator. ™,

Positive terminal
U= qA Vb:u

\rﬂj ! | @ A battery is a source of potential. So,

> it can drive a current through a wire
l Z until it runs out of energy (unlike the
AV Current 7{f 2 quick discharge of a capacitor).
|

Negative terminal

U=0 ;
The charge escalator “lifts” charge from the
negative side to the positive side. Charge ¢
gains energy AU = gAV, .

iesiy
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The charge “falls downhill” through
the wire, but a current can be sustained
because of the charge escalator. ™,

Positive terminal
U= qA Vb:u

\ﬂ ! @ A battery is a source of potential. So,

= > it can drive a current through a wire
l Z until it runs out of energy (unlike the
AV " Current 7{f 2 quick discharge of a capacitor).
g @ l @ The battery creates a potential
- = difference by lifting postive charges
/ | i from the negative to positive
I(\T]e§a(t)ive terminal terminals.

The charge escalator “lifts” charge from the
negative side to the positive side. Charge ¢
gains energy AU = gAV, .
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Batteries and Current

The charge escalator

establishes a battery

potential difference.
+4+ P44

e R | @ The battery creates excess charge on
the outside of the wire which creates
+ an internal electric field and drives
current through.

The potential difference

between the ends of the

wire equals the battery's

potential difference. ;
The potential difference between
the ends of the wire establishes an
electric field inside the wire. This
electric field drives current through
the wire.
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Batteries and Current

The charge escalator
establishes a battery
potential difference.

+++ P+
— B} @ The battery creates excess charge on
{ the outside of the wire which creates
% an internal electric field and drives
AV, current through.

@ The potential difference is the same
no matter what the path. So, the
— difference across the battery must be
I the same as across the wire.

The potential difference
between the ends of the

wite equals the bateery’ @ The magnitude of the current is

Fogntisl shierecn, determined jointly by the resistance of
The potential difference between .
the ends of the wire establishes an the battery and the wire.

electric field inside the wire. This
electric field drives current through
the wire.
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Batteries and Current

(a)

—Resistor

R ...~>R

resist

vie @ Current must be conserved, so the |
in through the resistor is the same as
in the wire.

The current is constant along the
____Wire-resistor-wire combination.
(b) The voltage drop along the wires is much
less than across the resistor because the
wires have much less resistance.

¢

A Vh:u AV,

resist

. Wire _ Resistor Wire
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Batteries and Current

(a)

—Wire
—Resistor
Resw= R @ Current must be conserved, so the |
in through the resistor is the same as
in the wire.
@ However, the resistance of the wire is
The current is constant along the .
wire-resistor-wire combination. small Compared to the reSIStOr, so the
(‘b)wThvc \/;(;liilgc‘dr()p along the wires is much potential difference is much smaller
less than across the resistor because the (A V — IR)

wires have much less resistance.

¢

AV, AV,

resist

. Wire _ Resistor Wire
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Batteries and Current

@ —Wire
—Resistor
Rew=Rae @ Current must be conserved, so the |
in through the resistor is the same as
in the wire.
. - @ However, the resistance of the wire is
ne current 1S constant a ong the .
__ wirerenistorwire combinaion, small compared to the resistor, so the
(b) The voltage drop along the wires is much potential difference is much smaller
less than across the resistor because the
wires hav.g much less resistance. (A V = IR)
g @ For an ideal wire there is no potential
difference at all. The only potential
AV, AV, drop is across the resistor.
Wire  Resistor Wire
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Chapter 32 - Fundamentals of Circuits

@ We are finally there! Time to apply our EM knowledge to
something practical - electrical circuits.
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something practical - electrical circuits.

@ This chapter presents circuit analysis - drawing of circuit diagrams
and analyzing the current and potential difference across each
element.
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Chapter 32 - Fundamentals of Circuits

@ We are finally there! Time to apply our EM knowledge to
something practical - electrical circuits.

@ This chapter presents circuit analysis - drawing of circuit diagrams
and analyzing the current and potential difference across each
element.

@ We will also only be talking about DC circuits. In other words, we
are talking about circuits with batteries in them providing a
constant potential difference (unlike the wall-plug).
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Circuit Elements and Diagrams (32.1)

+
3 - @ <
Battery Wire Resistor Bulb Junction Capacitor Switch
1 .
= —— W —e— —— —

Copyright © 2008 Pearson Education, Inc., publishing as Pearson Addison-Wesley.

@ We generally draw an abstract (logical) picture of a circuit known
as a circuit diagram using the symbols above.
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Circuit Elements and Diagrams (32.1)

Battery Wire Resistor Bulb Junction Capacitor Switch

*é——w»——@——|——u— —

Copyright © 2008 Pearson Education, Inc., publishing as Pearson Addison-Wesley.

@ We generally draw an abstract (logical) picture of a circuit known
as a circuit diagram using the symbols above.

@ A circuit diagram illustrates the electrical connections in a circuit
rather than the physical locations of the circuit elements.
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Circuit Elements and Diagrams (32.1)

Battery Wire Resistor Bulb Junction Capacitor Switch
+1
= —WW— —O— —T1 —AF ——
_T V
@ We generally draw an abstract (logical) picture of a circuit known
as a circuit diagram using the symbols above.
@ A circuit diagram illustrates the electrical connections in a circuit
rather than the physical locations of the circuit elements.
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Kirchhoff’s Laws and the Basic Circuit(32.2)

@ Remember that we have seen two Kirchhoff’'s Laws already:
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Kirchhoff’s Laws and the Basic Circuit(32.2)

@ Remember that we have seen two Kirchhoff’'s Laws already:

@ Kirchhoff’s Junction Law says that the total current into a junction
must equal the total current leaving it:

ZIin = zIout

Neil Alberding (SFU Physics) Spring 2010 6/19



Kirchhoff’s Laws and the Basic Circuit(32.2)

@ Remember that we have seen two Kirchhoff’'s Laws already:

@ Kirchhoff’s Junction Law says that the total current into a junction
must equal the total current leaving it:

ZIin = zIout

@ Kirchhoff's Loop Law says that the sum of the potential differences
around any closed loop is zero:

AViggp = Li(AV); =0

Note that at least one AV must be negative. AV across a resistor
in the direction of the current is negative (other direction is positive).
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The Basic Circuit

Load @ The simplest complete circuit is
shown on the left.
+ >
E= R
- S
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The Basic Circuit

Load @ The simplest complete circuit is
shown on the left.

@ It consists of a battery (the source)
and a generic resistor known as the
load.

+ >
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The Basic Circuit

Load @ The simplest complete circuit is

shown on the left.

@ It consists of a battery (the source)
and a generic resistor known as the
load.

E= ER @ The second picture is the circuit
. < diagram corresponding to the first.
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The Basic Circuit

@ Assuming there is no resistance in
the wires, we have a 2-element circuit
and Kirchhoff’s Loop Law gives

@ Draw a circuit diagram.
@ The orientation of the battery

indicates a clockwise current, so A Vloop — A Vbatt + A VR — O

assign a clockwise direction to /.

s
I
[
>
~
Ak
I
.
t
'V\Q/V_F

—
3
|

© Determine AV for each circuit element.
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The Basic Circuit

@ Draw a circuit diagram.
@ The orientation of the battery
indicates a clockwise current, so
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© Determine AV for each circuit element.
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assign a clockwise direction to /.

@ Assuming there is no resistance in
the wires, we have a 2-element circuit
and Kirchhoff’s Loop Law gives

AVloop = AVbatt + AVR =0

@ AV = Eis the positive potential
created by the battery.
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The Basic Circuit

@ Assuming there is no resistance in
the wires, we have a 2-element circuit

0Draw; a circuit diagram. and KIrCthff,S Loop LaW g|VeS
@ The orientation of the battery
H indicates a clockwis rent, s . —
| s ovien AVieop = AVpatt + AVr =0
— @ AV = & is the positive potential
e + created by the battery.
E= = N §R @ Ohm’s law tells us by how much the
- Vi =—IR

potential drops across the resistor

—
£l
|

T AVg =-IR
@l??termmeé\{ti)r each circuit element.
(note that we include the minus sign
because we assume a clockwise
circuit direction)
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The Basic Circuit

(1) Draw a circuit diagram.
{ @ The orientation of the battery
indicates a clockwise current, so
assign a clockwise direction to /1.

@ So, we have

&E-IR

© Determine AV for each circuit element.
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The Basic Circuit

(1) Draw a circuit diagram.

@ The orientation of the battery
indicates a clockwise current, so
assign a clockwise direction to /1.

v @ So, we have

+ 1 Ay, =-+¢ +
£ =" §R E-IR = 0=
% AV, = —IR

AVg

—

2
|

I

|
-
Y]

I

|

© Determine AV for each circuit element.
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Example 32.2

Example 32.2

Analyze this circuit:

20

Find the current and potential across each resistor
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Example 32.2

R,=40
MV '
T M T,
£ =6V = AV, AVpy, = £,=9
-l-tI _ N, J.
' MV
=20

@ We do not know if the current will flow cw or ccw around this
circuit, just pick a direction and see how the sign comes out.
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Example 32.2

IQ—‘/

S iciw
=6V = AVpy, AViy, = €=
=l

R,=2Q

@ We do not know if the current will flow cw or ccw around this
circuit, just pick a direction and see how the sign comes out.
@ Kirchhoff’s Loop Law:

AVloop = AVbatﬂ + AVF-’1 =+ AVbaz‘),‘2 + AVH2 =0
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Example 32.2

IQ—‘/

S iciw
=6V = AVpy, AViy, = €=
=l

R,=2Q

@ We do not know if the current will flow cw or ccw around this
circuit, just pick a direction and see how the sign comes out.
@ Kirchhoff’s Loop Law:

AVloop = AVbatﬂ + AVF-’1 =+ AVbaz‘),‘2 + AVH2 =0
= & -IR-&E-IR =0

Neil Alberding (SFU Physics) Spring 2010 11/19



Example 32.2

IQ—‘/

S iciw
=6V = AVpy, AViy, = €=
=l

=20

@ We do not know if the current will flow cw or ccw around this
circuit, just pick a direction and see how the sign comes out.
@ Kirchhoff’s Loop Law:

AVloop = AVbatﬂ + AVF-’1 =+ AVbaz‘),‘2 + AVH2 =0
= & -IR-&E-IR =0
= 81—82—/(/:\’1—1-/:1’2):0
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Example 32.2

IQ—‘/

Lo oL
8,=é\/ -;A‘/hﬂ'l AV&"‘Z ,__.‘W
e

=20

@ We do not know if the current will flow cw or ccw around this

circuit, just pick a direction and see how the sign comes out.
@ Kirchhoff’s Loop Law:

AVloop = AVbatﬂ + AVF-’1 =+ AVbaz‘),‘2 + AVH2 =0
E1—-IR —&E—-1IR=0
= &1 —82—I(R1 -|-R2):0

& -&

Ri + Ro
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Energy and Power (32.3)

@ As we discussed earlier, current does not get “used up” as it
moves around a circuit. Current in equals current out.

Neil Alberding (SFU Physics) Spring 2010 12/19



Energy and Power (32.3)

@ As we discussed earlier, current does not get “used up” as it
moves around a circuit. Current in equals current out.

@ However, energy does get dissipated as current flows through a
circuit in the form of heat (and sometimes light).
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Energy and Power (32.3)

@ As we discussed earlier, current does not get “used up” as it
moves around a circuit. Current in equals current out.

@ However, energy does get dissipated as current flows through a
circuit in the form of heat (and sometimes light).

@ The power supplied by a battery is

Ppait = 1E
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Energy and Power (32.3)

@ As we discussed earlier, current does not get “used up” as it
moves around a circuit. Current in equals current out.

@ However, energy does get dissipated as current flows through a
circuit in the form of heat (and sometimes light).

@ The power supplied by a battery is

Ppatt = 16
@ This energy comes from chemical reactions in the battery.
Essentially, we change chemical energy to potential energy (with

the escalator) which gets turned into kinetic energy of electrons,
which collide with ions and make thermal energy.

Neil Alberding (SFU Physics) Spring 2010 12/19



Energy and Power (32.3)

@ As we discussed earlier, current does not get “used up” as it
moves around a circuit. Current in equals current out.

@ However, energy does get dissipated as current flows through a
circuit in the form of heat (and sometimes light).

@ The power supplied by a battery is

Ppatt = 1&

@ This energy comes from chemical reactions in the battery.
Essentially, we change chemical energy to potential energy (with
the escalator) which gets turned into kinetic energy of electrons,
which collide with ions and make thermal energy.

@ Suppose the average distance between collision is d. The work
done by the electric field is then

W = FAs = qEd
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Energy and Power (32.3)

@ As we discussed earlier, current does not get “used up” as it
moves around a circuit. Current in equals current out.

@ However, energy does get dissipated as current flows through a
circuit in the form of heat (and sometimes light).

@ The power supplied by a battery is

Ppait = 1E

@ This energy comes from chemical reactions in the battery.
Essentially, we change chemical energy to potential energy (with
the escalator) which gets turned into kinetic energy of electrons,
which collide with ions and make thermal energy.

@ Suppose the average distance between collision is d. The work
done by the electric field is then

W = FAs = qEd
@ So, the energy per collision with the lattice is
AEcoiision = AK = qu
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Energy and Power

@ Collisions occur over and over. If L is the length of the resistor
then the energy transferred by a charge is

AEy, = gEL
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Energy and Power

@ Collisions occur over and over. If L is the length of the resistor
then the energy transferred by a charge is

AEy, = gEL

@ But EL is the potential difference between the ends of the resistor
o)
AEy = qAVR
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Energy and Power

@ Collisions occur over and over. If L is the length of the resistor
then the energy transferred by a charge is

AEy, = gEL
@ But EL is the potential difference between the ends of the resistor
o)
AEy = qAVR
@ The rate of energy dissipation is then
. dEth . dq .
Pgr = G - thVR = IAVpg
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Energy and Power

@ Collisions occur over and over. If L is the length of the resistor
then the energy transferred by a charge is

AEy, = gEL
@ But EL is the potential difference between the ends of the resistor
o)
AEy = qAVR
@ The rate of energy dissipation is then
. dEth . dq .
Pgr = G - thVR = IAVpg

@ Since the resistor obeys Ohm’s Law

(AVR)?
R

Neil Alberding (SFU Physics) Spring 2010 13/19
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Series Resistors (32.4)

(a) Two resistors in series (b) An equivalent resistor

Same current

R R, ; g R,=R, +R
I . 1 . 2 AN —¥ ab 1 2 I
—\W WW— . MW s

AV, AV. a
AV, = AV, + AV, % 7 AV,

Same potential difference

@ When two resistors are placed end-to-end with no junctions
between them we say the resistors are in series. The current is
equal through the two resistors.
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Series Resistors (32.4)

(a) Two resistors in series (b) An equivalent resistor

Same current

R R, ; g R,=R, +R
I . 1 . 2 AN —¥ ab 1 2 I
—\W WW— . MW s

AV, AV. a
AV, = AV, + AV, % 7 AV,

Same potential difference

@ When two resistors are placed end-to-end with no junctions
between them we say the resistors are in series. The current is
equal through the two resistors.

@ The total potential difference between a and b is

AVap = IRy + IR = I(R1 + Rg)
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Series Resistors (32.4)

(a) Two resistors in series (b) An equivalent resistor

Same current

R R, ; 4 R,=R, +R
I N 1 Anr Ay —* ab 1 2 I
—\W WW— . MW s
AV, AV. a
AV, = AV, +AV, % 7 AV,

Same potential difference

@ When two resistors are placed end-to-end with no junctions
between them we say the resistors are in series. The current is
equal through the two resistors.

@ The total potential difference between a and b is

AVap = IRy + IR = I(R1 + Rg)
@ We can replace the two resistors with an equivalent resistor
having current | and potential difference AV,
_ AVa  I(Ri+ Ro)
I |
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Series Resistors

@ How does the brightness of B
compare to A?

Identical
bulbs

Identical
batteries
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Series Resistors

@ How does the brightness of B
compare to A?

£+_ @ If the resistance of each lightbulb is R
=T A then bulb A sees current
| &
entica entica A— T
{)(zilttelriesl Lcllbi ] R
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Series Resistors

@ How does the brightness of B
compare to A?

+ 1 @ If the resistance of each lightbulb is R
£ = A then bulb A sees current
| &
entica entica A—hH
{)(zjmelriesl L(:llb.ls ] R

@ However, the equivalent resistance of
the second circuit is 2R, so

& 1
's=2R = 2"

B is dimmer!
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Ammeters

(a) (b) 0.50 A Ammeter
/

(»)

a

measured must pass
through an ammeter.

1 % 1 The current being
<

Seo

@ A device which measures current is called an Ammeter
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Ammeters

(a) (b) 0.50 A Ammeter
/

+__ + 1 Thecurrent being
&= 608 —  measured must pass 6Q
- < - I through an ammeter.

@ A device which measures current is called an Ammeter

@ An ammeter must be placed in the circuit in series with the
element through which you want to measure current.
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Ammeters

(a) (b) 0.50 A Ammeter
/

+__ + 1 Thecurrent being
&= 608 —  neasured must pass 6Q
- < - I through an ammeter.

@ A device which measures current is called an Ammeter

@ An ammeter must be placed in the circuit in series with the
element through which you want to measure current.

@ Ideally, an ammeter would have R = 0Q2 and thus have no effect
on the current.
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Real Batteries (32.5)

e == AV, =&

@ The difference between an ideal battery
and a real battery is internal resistance.

\.
|

Ideal battery

1 Internal
|+ resistance
17
AVy=E—Ir
dr
E ==
N

|
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Real Batteries (32.5)

1
1.
+—_
e == AV, =&
= @ The difference between an ideal battery
I and a real battery is internal resistance.
Wedl beleey @ For an ideal battery the terminal voltage

is equal to &. For a real battery

1 T Internal
resistance
4+

AVpg =E-Ir<&
AV, =&-1Ir
I
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Real Batteries (32.5)

Although physically separated, the internal
resistance r is electrically in series with R.

< ‘... !
-
= + | ‘<>
L R = £ = R+/~$
+ - <<
E =3
= u

This means the two circuits are equivalent.

@ The internal resistance of a battery is part of the equivalent
resistance of the circuit (ie. it is part of the load).
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Real Batteries (32.5)

Although physically separated, the internal
resistance r is electrically in series with R.

< ‘.‘.. !
I::
=3 L <
L R = ¢ = R+ /‘2
r =
+ - <<
t ==
= u

This means the two circuits are equivalent.

@ The internal resistance of a battery is part of the equivalent
resistance of the circuit (ie. it is part of the load).

@ The current in the circuit is then
& _ &
" Req R+
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Real Batteries (32.5)

Although physically separated, the internal

resistance r is electrically in series with R.
« I
<
r ::
<3 +__ <
R = £ = R+ /‘2
Y —
+ = 9
& ==
[ I

This means the two circuits are equivalent

@ The internal resistance of a battery is part of the equivalent
resistance of the circuit (ie. it is part of the load).

@ The current in the circuit is then
& &

= Ree "R+t

@ Using Ohm’s Law
R
AVR =IR = R——I—I’8 = AVbat
Spring 2010 18/19
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A Short Circuit

This wire is shorting
out the battery. @ If the two terminals of a battery are
: connected via a zero-resistance wire

< N
we have a short circuit

1 short
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A Short Circuit

This wire is shorting

out the battery. @ If the two terminals of a battery are
connected via a zero-resistance wire
- we have a short circuit
@ If a battery were ideal a short circuit
would lead to infinite current
I (I'=&/0). In practice we have
&
Liport Ishort = T
+
E =

nc. publsing as P
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A Short Circuit

This wire is shorting
out the battery. @ If the two terminals of a battery are

: connected via a zero-resistance wire
we have a short circuit

@ If a battery were ideal a short circuit
would lead to infinite current
r (I'=&/0). In practice we have
&

IShOI‘t Ishort = 7

v

— @ This formula gives the maximum
J— possible current this battery can
produce. Adding any resistance to
the circuit will decrease the current.

Copyrignt 2008 Pearsan Educatin, Inc. aublshing as Pearson Adison Wesiey.
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