Lecture 25

® Resistance and Ohm’s law

® chapter 32




Resistance and Ohm’s law ;-

® Current created by E (requires AV )= ( 3 :: : =
AV related to |

® E constant by current conservation

Area A

Eqmpolenllal Thg potential difference
surfaces creates an electric field

E — AA‘S/ AV I — JA J — O—E — inside the conductor

and causes charges to

_ A . _ pL flow through it.
I = Y AV R (re51st ance) = £¢ o _
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(Ohm’s law)

® R property of specific wire (depends on material and L,A):
Unit of R: 1Tohm=10Q=1V/A

(Resist )

® resistors: circuit elements with resistance larger than wires used
to limit current




Batteries and current

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

Positive terminal

U= qAV,, ® 5o far, current from discharge of
capacitor: transient (stops when
excess charge removed)

battery: sustained current due

energy from chemical reactions
used to “lift” charge...falls

/[L “downhill” in wire (warms it)

Current /

@

@

Increasing U —>
<— Decreasing U

Negative terminal
U=0

The charge escalator “lifts” charge from the
negative side to the positive side. Charge ¢
gains energy AU = gAV,_ .
- — \dl
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C a u S e a n d The charge escalator

establishes a battery

® Batter')l source OfA%CLt (: g fOI. 1deal) p()lcnlialEdil‘['crcncc.

+ o P4+
==
>”+++ Bi ++

A

AVyire = AVpar (independent of path)
AV

; E
® AVyirecauses E.. = (surface i
charges)

+

® Eresultsincurrent: ] = JA = cAFE

—{L———\

The potential difference
between the ends of the

o Current determlned by bOth batter.y wire equals the battery's

potential difference. ;i

and Wl re’s R 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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‘ hmic and NonOhmiC (a) ]I-llll-'lllllllL
materials; Ideal Wire Wire ; e vas Ty
iy Y
Model R >R,

(a) Ohmic material

The current is directly (b) The voltage drop along the wires is much

. . PR S 5 ss than across the resistor because the
o . — «+ proportional to the , lessi . e o e T
Ideal WI res. R O i I .:. p()lcntial dl'l‘[‘C]'CﬂCC. wires hay C nuch less resistance
AV =0 even I # 0

The resistance is
1

slope

® resistors:

Y A v
10 to 10°Q) ; Y o— =

) ' .
ison Wesley I\ oh | > [ 0 l

® ideal insulators: = s
(b) Nonohmic materials the ideal wire model. with R | () ().
R — OO i ~ there 1S no voltage drop along the wires.

.+ The curves are not the voltage drop is across the r

*
~
)

] o ¢ linear and don’t have

. Diod : a well-defined slope.
I =0even if AV #£ 0 PN eldetinedsion

v

N\

Lightbulb
filament

‘ LA LA

AV Wire Resistor




Chapter 31 (Fundamentals of Circuits)

® understand fundamental principles of electric circuits; direct
current (DC): battery’s potential difference, currents constant

® Kirchhoff’s Laws and Basic Circuit
® Energy and Power

® Resistors in Series
® Real batteries

® Resistors in Parallel



Circuit Elements and Diagrams

® circuit diagram: logical picture of connections (replace
pictures of circuit elements by symbols)

s
+

- d® ="

Resistor Bulb Junction Capacitor Switch

o

P g
Battery
4-

—_ —VVW\V— @ | —

Resistor Capacitor




Kirchhoff’s Laws

circuit analysis: finding potential
difference across and current in
each component

(a) Junction

junction law (charge conservation)
Z [zn — Z Iout
® |oop law (energy conservation)

AVvloop — Zz (AV),L =0

strategy:

assign current direction

T . AV,
travel around loop in direction of current

Vbat — ::5; VR — —IR .
Add the potential
aPPI)’ IOOP IaW differences around

the loop.

v

Loop law: AV, + AV, + AV, + AV, =0



Basic Circuit @/g\

e
+

Source

® junction law not needed
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® ideal wires: no potential difference @ Draw circuit diagram.
: @ The orientation of the battery
indicates a clockwise current, so

® loop law: AVipop = AVier + AV =0 assign a clockwise direction to /.
AVbat — —I—E,
A‘/'R — Vdownstream — Vupstream = —IR =
E—IR=0;1=%AVg=—-IR=-E€ i1

€) Dectermine AV for each circuit element.




A more complex circuit @

® charge can flow “backwards”
thru’ battery: choose cw
direction for current (if solution
negative, current is really ccw)

® loop law: AVigt 1 + AVgi + AVigr o + AVgy =0 2

A%at 1 — ‘|—513 A%at 2 = —52; (b)

AVRl — —IRl; AVRl — —IRQ —

E. =06V

1

E1— IR — & — IR, =0=
_&-& _6V-9V=_
[=f8 —0V=-9V=_ _g5A..

(GXp eCted: 9 V battel‘y “diCt ateS”Q@iﬁ}__ﬁ@%m@mn chuculion. Inc.. publishing as Addison Wesley

AVp1 = —IR{ =+20 V...



Energy and Power
In battery: chemical energy potential...of charges: AU = qAVyoy = ¢€

power (rate at which energy supplied to charges): P, = & = %1€

o , : . The electric field causes electrons to speed
Pbat = [¢ (pOWEr delivered hy an emif ) up. The energy transformation is U — K.

Electron K Atoms in
current lhe lattice

In resistor: work done on charges gEd—>
kinetic (accelerate) between collisions — S \// .
thermal energy of lattice after collisions /

After many collisions over length L of resistor: Current

Collisions transfer energy l() lhe lattice.

AEth — QEL — QAVR The energy transtormation is K — E

publishir n Wesley

rate at which energy is transferred from current to resistor:
Pgr = L = YAV = [AVg

For basic circuit: Pr = Py (energy conservation)

' 5 (AVy)?
Using Ohm’s law: Py = 7avy = PR = — >
Eehern = U — K — By — hght

(power dissipated by a resistor)

® Common units: Pr kW in At hours — PrAt kilowatt hours



" " (a) Two resistors in series (b) An equivalent resistor
€SISTOrsS In
S . Same current
eries |

2 v;:h =A Vl 7+ AV: h

Same potential difference

current same in each resistor: AV, = IR;; AVy = IRy = AV, = I (Ry + R»)

equivalent resistor: R, — 2Vab I(Rl;FRZ) — R, + R,

I

+ Ry + ¢+« + Ry (series resistors)

-—

Ammeters

Ammeter
~
' A
measures current In \_/

[=0.

circuit element
(placed in series): =
Req — Rload =+ Rammeter

1deal, Rymmeter = 0 = current-not-changed




Real Batteries

Although physically separated, the internal
resistance r 1s electrically in series with R.

‘::
r§

® terminal (user)
voltage

=& AVbal‘= E— /,

: bt

® for resistor
connected:

Ideal battery

Internal

: This means the two circuits are equivalent.
resistance E

° °
Shtﬂptals(‘ liducllrn..@.uwlstng as Addison Wesley

This wire 1s shorting
out the battery.

® replace high by lehors = £ é

r
zero resistance (oo for ideal, r = 0)

g —alr A

Real battery

® maximum
Pearson Education, Inc., publishing dp\égigglm'é current
battery can
broduce




Pa ral I el Res i Sto I'S (a) Two resistors in parallel

® potential differences same:
AV = Al == Vg

® Kirchhoff’s junction law: /| = /1 + /o

S;l:mc ¢ - r
’ . AV = AV = AV %
® Ohm S IaW. _ICU_I'I'CI]I ' - cd % dame
- . < potential
AV 1 : v B
= —_— —_ : AV :  difference
/ -t g-=A Vea R R, ‘i ¢

YWW —
® Replace by equivalent resistance: R, = () d

cd RI I

(b) An equivalent resistor
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(parallel resistors)

® |dentical resistors( A1 = R2): Rseries eg = 2R; Rparaliel eg = g

® |ngeneral, Hgy < Ay Or Ha...IN parallel



