Lecture 4

Chapter 18 Direct Current Cireuit
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You may ignore

* 18418.9 186 18.7and 18.8
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This chapter is all

* The potential drop across a resistor is IR
* Power = |2r
* Gurrent is conserved

* The current is the sawme across resistors
in series

* The potential drop is the same across
resistors in parallel

Tuesday, February 25, 14



z Sources of emf

* Electric circuits control the flow of electricity and * The source that maintains the current in a closed
the energy associated with it. circuit is called a source of emf.
 Circuits are used in many applications. — Any devices that increase the potential energy of charges

* Kirchhoff’ s Rules will simplify the analysis of circulating in circuits are sources of emf.

simple circuits.

* Some circuits will be in steady state.
— The currents are constant in magnitude and direction.

* |In circuits containing resistors and capacitors, the
current varies in time.

— Examples include batteries and generators

e Sl units are Volts
— The emf is the work done per unit charge.

Introduction Section 18.1
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s and ornal Re aNnce More About Internal Resistance

Batt ° 1
* Areal battery has some atery The schematic shows the

. . = = internal resistance, r
internal resistance.

. * The terminal voltage is AV = -V ;_,: ,
. Therefore, the terminal V-V, ) LAYV =
voltage is not equal to e« AV=e—Ir : |
the emf. * For the entire circuit, IT *I
e=IR+Ir d st e
L ¢ MA———
(( 2

Resistor

Section 18.1 Section 18.1
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Internal Resistance and emf, Cont. Internal Resistance and emf, Final

* £is equal to the terminal voltage when the * When R>>r, r can be ignored.
current is zero. — Generally assumed in problems
— Also called the open-circuit voltage * Power relationship

* Ris called the load resistance. —1e=12R+I%r

* The current depends on both the resistance * When R >>r, most of the power
external to the battery and the internal delivered by the battery is transferred to
resistance. the load resistor.

Section 18.1 Section 18.1
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Batteries and emf

 The current in a circuit depends on the
resistance of the battery.

— The battery cannot be considered a source of
constant current.

* The terminal voltage of battery cannot be
considered constant since the internal
resistance may change.

* The battery is a source of constant emf.

Section 18.1
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Example

* A battery having an emf of 9 volts
delivers 117 mA when connected fo a
72 ohw load, determine the internal
resistance of the battery.
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Example

* Find the current in an 8 ohwm resistor
connected fo a battery with an
internal resistance of .19 ohws if the
voltage across the battery is 9 volfts.
What is the emf of the battery?
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The two ends of a 3.0-ohm resistor are connected to a 9.0-V battery. What is the total
power delivered by the battery to the circuit?

a.3.0 W

b.27 W

c.0.33 W

d.0.11 W
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Resistors in Series

Resistors in Series, Cont.

e When two or more resistors are connected end-to-
end, they are said to be in series.

* The current is the same in all resistors because any
charge that flows through one resistor flows through
the other.

* The sum of the potential differences across the
resistors is equal to the total potential difference
across the combination.

* Potentials add
— AV =IR; +IR, =1 (R;*R,)
— Consequence of Conservation of Energy

* The equivalent resistance has the effect on the circuit
as the original combination of resistors.

Section 18.2

Equivalent Resistance — Series

* Ryg=Ri+ R+ Ry + ...

* The equivalent resistance of a series
combination of resistors is the algebraic sum
of the individual resistances and is always
greater than any of the individual resistors.

* If one element in the series circuit fails, the
circuit would no longer be complete and none
of the elements would work.
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Equivalent Resistance — Series

An Example

200 4.0Q 500 7.0 18.0 )

R\ R ‘B Ry

* Four resistors are replaced with their equivalent
resistance.

Section 18.3
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Resistors in Parallel

* The potential difference across each resistor is the
same because each is connected directly across the
battery terminals.

* The current, |, that enters a point must be equal to
the total current leaving that point.
—I=1+1
— The currents are generally not the same.
— Conseguence of Conservation of Charge

Section 18.3
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Equivalent Resistance — Parallel
An Example

Equivalent resistance replaces the two original resistances.
Household circuits are wired so the electrical devices are

connected in parallel.

— Circuit breakers may be used in series with other circuit elements for

safety purposes.

Section 18.3
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Equivalent Resistance — Parallel

Equivalent Resistance

Ri:Ri+Ri+Ri+... e _—

eq 1 2 3
The inverse of the *

: : I Ly I
equivalent resistance of two * ¢ ¢
or more resistors connected +
in parallel is the algebraic 18V == § § §
sum of the inverses of the 3.0Q0| 6.0Q| 9.00
individual resistance.

— The equivalent is always less 1
than the smallest resistor in

the group. ®)

Section 18.3
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Problem-Solving Strategy, 1 Problem-Solving Strategy, 2

* Combine all resistors in series. * Combine all resistors in parallel.

— They carry the same current. — The potential differences across them are the same.
— The potential differences across them are not the — The currents through them are not the same.

same. — The equivalent resistance of a parallel combination is

. ) ) i found through reciprocal addition:

— The resistors add directly to give the equivalent 1 1 1 1

resistance of the series combination: R,, =R, +R, R R R R

eq 1 2 3
+ ...

. N . o — Remember to invert the answer after summing the
— Draw the simplified circuit diagram. reciprocals.

— Draw the simplified circuit diagram.

Section 18.3 Section 18.3

Problem-Solving Strategy, 3 Problem-Solving Strategy, 4
* Repeat the first two steps as necessary. e Use Ohm’ s Law.
— A complicated circuit consisting of several resistors and — Use AV = | R to determine the current in the

batteries can often be reduced to a simple circuit with only

. equivalent resistor.
one resistor.

— Replace any resistors in series or in parallel using steps 1 — Start with the final circuit found in. step 3 and _
or 2. gradually work back through the circuits, applying
— Sketch the new circuit after these changes have been the useful facts from steps 1 and 2 to find the
made. current in the other resistors.

— Continue to replace any series or parallel combinations.
— Continue until one equivalent resistance is found.
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* Complex circuit /600N
- 1 VVV
reduction oo o[ \
. ) ) /800 40 Q\‘, ! 'l
— Combine the resistors in B ~W_—Wtte e
. i i § ’// | I
series and parallel. o il * ,,‘
\
* Redraw the circuit TPA i
. . N T
with the equivalents [ Spe
of each set. ol il N
. . /12,0 O\ 790 O\
— Combine the resulting O oL \ o4 \
. . . a\\ /7 b\ Ll
resistors in series. W o Mo sl
— Determine the final i e -
equivalent resistance. 140 O
C —F AN
a L ) C
Section 18.3
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Examples

* Problems 59, chapter 18
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Resistors of values 8.0, 12.0, and 24.0 ohms are connected in series across a battery with a small internal resistance.
Which resistor dissipates the greatest power?

a.the 8.0-ohm resistor

b.the 12.0-ohm resistor

c.the 24.0-ohm resistor

d.The answer depends on the internal resistance of the battery.
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Two resistors of values 6.0 and 12.0 ohms are connected in parallel. This combination in turn is hooked in series with a

2.0-ohm resistor and a 24-V battery. What is the current in the 2-ohm resistor?
a.2.0A

b.4.0 A

c.6.0A

d.12 A
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1824 —-1887

* Invented spectroscopy
with Robert Bunsen

e Formulated rules about
radiation

Section 18.4

Tuesday, February 25, 14



Kirchhoff s Rules Statement of Kirchhoff s Rules

* There are ways in which resistors can be * Junction Rule
connected so that the circuits formed cannot — The sum of the currents entering any junction
be reduced to a single equivalent resistor. must equal the sum of the currents leaving that
junction.
o ’
* Two rules, called Kirchhoff s Rules, can be « A statement of Conservation of Charge
used instead. « Loop Rule

— The sum of the potential differences across all the

elements around any closed circuit loop must be
zero.

* A statement of Conservation of Energy

Section 18.4 Section 18.4
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More About the Junction Rule

The current /; entering the

o I 1 s |2 + I3 junction must equal the sum of
the currents L, and  leaving
the junction.

e From Conservation of -»
Charge v

« Diagram b shows a N
mechanical analog.

The net volume flow rate in
must equal the net volume
flow rate out.

/// ;
//__

: A
Flowin ¢

< J
—_— g Flow out
— \

D
\-\ S —_—

b

Section 18.4
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Loop Rule More About the Loop Rule

* A statement of Conservation of Energy ‘ Irf'r\;egfég Eround the loop
 To apply Kirchhoff’ s Rules, * In a, the resistor is T each disgram; AV= V—V,

tra nsversed in the direction and the circuit element is

— 1 1 1 i raversed from a to b, left to right.
Assign symbols and directions to the currents in of the current, the potential : n ato b left to right

all branches of the circuit. across the resistor is —IR. ;
* |f the direction of a current is incorrect, the answer will * In b, the resistor is a- Wy ‘
be negative, but have the correct magnitude. transversed in the direction =ik

opposite of the current, the
potential across the resistor
* Record voltage rises and drops. is +IR.

— Choose a direction to transverse the loops.

Section 18.4 Section 18.4

Loop Rule, Final

* Inc, the source of emf is
transversed in the direction
of the emf (from —to +), the

change in the electric €
. . —_ .+.
potential is +& a . | I .
. ¢
* Ind, the source of emf is ¢ AV D 4

transversed in the direction
opposite of the emf (from +
to -), the change in the
electric potential is -€

Section 18.4
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* Use the junction rule as often as needed, so
long as, each time you write an equation, you
include in it a current that has not been used
in a previous junction rule equation.

— In general, the number of times the junction rule
can be used is one fewer than the number of
junction points in the circuit.

Section 18.4

Loop Equations from Kirchhoff’ s Rules

* The loop rule can be used as often as needed
so long as a new circuit element (resistor or
battery) or a new current appears in each new
equation.

* You need as many independent equations as
you have unknowns.

Section 18.4
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Problem-Solving Strategy — Kirchhoff’ s

Rules

Draw the circuit diagram and assign labels and
symbols to all known and unknown quantities.

Assign directions to the currents.
Apply the junction rule to any junction in the circuit.

Apply the loop rule to as many loops as are needed
to solve for the unknowns.

Solve the equations simultaneously for the unknown
guantities.

Check your answers.

Section 18.4
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Key Concepts

* The po;ren’rial drop across a resistor is equal to the source emf of the battery
wminus Ir

* The load resistance is equal to IR where R is the total resistance outside of the
battery/power source

* Resistors in series add algebraically

* Resistors in parallel add as their inverses

* The current is the same across resistors in series

* The potential drop is the same across resistors in parallel

* Kirchhitt's Rules

* The sum of the currents entering any junction equals the sum leaving that
junction

* The sum of the potential differences across all elements around any closed
cireuit loop must be zero
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Example

* Chapter 18 13 26
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Key Equations

AV =e=Ir—>e=IR+Ir > 1=

I AT Ey
ReQ,series . R]_ + R2 + R3 + .......

Req,pa'rallel = 1/R1 =F 1/R2 =t5 1/R3 )
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