Lecture 26

Energy and Power
Resistors in Series

Real batteries

Resistors in Parallel

Example of Resistor Circuits

Grounding




Energy and Power
In battery: chemical energy — potential...of charges:AU = ¢AV,.; = ¢&

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 ¢£d—
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



Example on electric power

® A standard 100 W (120 V ) lightbulb contains a 9.00 cm-long

tungsten filament. The high-temperature resistivity of tungsten 1s
9.0 x 10" ohm-meter. What is the diameter of the filament?




" " (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 (R; + Rs)

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, R mmeter = 0 = current-not-changed




. Real Batteries
® term I nal (user) Although physically separated, the internal

VOItage resistance r 1s electrically in series with R.

e DVpgr = E =11 L
£

® for resistor R§
+

connected: £ =

Ideal battery

] — cE _ _¢
Internal Req R—I—’I“

i’L}SiS‘%nCC AVR — IR — WE

A%at — (C: T I ,r? S\hl"ﬁt&l(@(ilpeuﬂi\tm as Addison Wesley
=E—1Ir AVR — A%at # g

This means the two circuits are equivalent.

This wire 1s shorting
out the battery.

® replace high by lehors = £ é

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

Real battery

® maximum IJ
} Pearson Education, Inc.. publishing ap\cgig(gi‘bgllé curre nt
battery can
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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

Same ¢ - r
’ . AV = AV = AV %
® Ohm S IaW. current ' . cd % dame

< potential

AV ¢ difference
LI

MW ; :

— (1 4 1\-1
Rcd o (Rl T [31)

(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



measure potential difference across circuit Voltmeters

element (place in parallel; don’t need to
break connections, unlike for ammeter)

-1
total resistance: Req = lR + o ”1 ; §17Q
volitmeter

in order not to change voltage:
Rvoltmeter > R (ideall}77 OO)

(b)

Strategy for Resistor Circuits | Yol

assume ideal wires, batteries mé <v> V=850V

use Kirchhoff’s laws and rules for series
and parallel resistors
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reduce to equivalent resistor (basic circuit)

rebuild using current same for series and
potential difference same for parallel




Example of
Resistor Circuit

e Find/ and AV for each

resistor

4+

PV —

400 Q)
800 () 560 Q)

(a) Break down the circuit

600 O J -Parallel

4

)
)
W_

400 ()

800 2 560 ()

240 Q)
800
560 (2

Series Parallel
g "’, /z' ."._‘

s
y
/
£

/

800 2
800 (2

Equivalent
resistor X

400 ()

(b) Rebuild the circuit

36V
600 )

—MM—

—> 6 mA -
30 m A’\ . () rn.,\..-_< -____--'
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6V |

Y
15 mA 15 mA
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84V
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Y ) |
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800 <
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so far, potential difference, A |/ (physically Grounding
meaningful), enters Ohm’s law (no need to |,

establish zero point)

0.5A—

8N AV=4YV

—_ Potential

need common reference point for o differences
connecting 2 circuits il iy

grounding: connect | point in circuit to

earth (|, . _ () by ideal wire:no return f=

The circuit 1s grounded

wire (no current); wire is equipotential — . i point

. . . . ’ .
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(b) 10 V is the potential

specific value of potential at each point at the dot

Ground symbol

10V 05A—— (=g

does not change how circuit functions...
unless malfunction/breaking of circuit
(enclose circuit in grounded case insulated
from circuit): case comes in contact with
circuit ( — touching would have caused
electrocution)—scurrent thru’ wire (fuse
blows...) g

in the ground wire.




