Combining Resistors
Resistors often occur in series or in

parallel.
—MWW—
—MW—WW—IWW—
——MWW——
Resistors connected in
series and in parallel  MAM—

You'll learn that these combinations of
resistors can be “simplified” by replac-
ing them with one equivalent resistor.
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A circuit diagram replaces pictures of the circuit
elements with symbols.

The longer line at one end of the battery symbol
represents the positive terminal of the battery.

The battery’ s emf is shown beside the battery.

+ and — symbols, even though somewhat redundant,
are shown beside the terminals.
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For a junction, the law of
conservation of current

requires that: Junction I
N
Zlin — Elout out
where the X symbol < \
means summation. L™ > I

This basic conservation
statement is called
Kirchhoff’ s junction
law.

Junction law: I, =1, + [,
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= For any path that starts
and ends at the same

pOint: Start and ~
end here.
AVloop: E(Av)l:() '
= The sum of all the An]
potential differences
encountered while Add the potentidl
moving around a loop i U
or closed path is zero. Loop law: AV, + AV, + AV, + AV, = 0

= This statement is
known as Kirchhoff' s
loop law.
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“> Using Kirchhoff’s loop law MP )
© Draw a circuit diagram. Label all known and unknown quantities.
@ Assign a direction to the current. Draw and label a current arrow / to show your choice.

® If you know the actual current direction, choose that direction.

® [f you don’t know the actual current direction, make an arbitrary choice. All that will
happen if you choose wrong is that your value for / will end up negative.
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Using Kirchhoff’s loop law

©® “Travel” around the loop. Start at any point in the circuit, then go all the way around
the loop in the direction you assigned to the current in step 2. As you go through each

circuit element, AV is interpreted to mean

AV = Vdownslrcam - Vupstream

® For an ideal battery in the negative-to-positive direction:

AV,, = +&

® For an ideal battery in the positive-to-negative direction:

Ame — _5
® For a resistor: AV,.,=—AVy = —IR

© Apply the loop law: E(AV),- =0

—> Travel

= +
I I | |
"1
Potential increases

—> Travel

+ -_—
[11
Ill

Potential decreases

I
+ —

MW

Potential decreases

Exercises 4—7 m
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The figure shows two
identical lightbulbs in a circuit. N A |
The current through both £ == > s
bulbs is exactly the same!
It" s not the current that the
bulbs use up, it’ s energy.

The battery creates a potential difference, which
supplies potential energy to the charges.

As the charges move through the lightbulbs, they
lose some of their potential energy, transferring the
energy to the bulbs.
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= The power supplied by a battery is:
P,,, = IAV (power delivered by an emf)

* The units of power are J/s or W.
= The power dissipated by a resistoris:  Pg = IAVy

= Or, in terms of the potential drop across the resistor:

(AVp)?
R

Pr=IAVy =I'R= (power dissipated by a resistor)
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* The figure below shows two resisters connected in
series between points a and b.

* The total potential difference between points a and b
is the sum of the individual potential differences
across R, and R,:

AV, = AV, + AV, =IR, + IR, = IR, + R

Rl R2
I——> A A p g o —,
VN Av, P

AV, = AV, + AV,
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= Suppose we replace R, and R, with a single resistor
with the same current / and the same potential
difference AV,

= Ohm’ s law gives resistance between points a and b:

AV, IR, +R,)
Rab bm— —_—
Il Il

=R, +t R,
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= Resistors that are aligned end to end, with no
junctions between them, are called series resistors
or, sometimes, resistors “in series.”

= The current / is the same through all resistors placed
In series.

= |f we have N resistors in series, their equivalent
resistance is:

Ry=R +Ry+ - +Ry (series resistors)

The behavior of the circuit will be unchanged if the N
series resistors are replaced by the single resistor R,
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SIS A series resistor circuit

b. 1 =0.333 A is the current in each of the three resistors in the
original circuit. Thus the potential differences across the resis-

tors are AV, = —IR, = =50V, AV, ., = —IR, = =13V, creases by 9 V in three steps.
and AV, 3 = —IR; = —2.7 V for the 15 Q, the 4 (), and the

R

6 V-

3 V-

_—15Q

_—40Q

. — Battery g Q)

ov

8 () resistors, respectively. The figure below shows that the
potential increases by 9 V due to the battery’s emf, then de-
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(a)

+
£ = 60
(b) OKSO\A/ Ammeter
\A)
( .ﬂ\/ N\
. | The current being
€ —  measured must pass 6 ()
- LI through an ammeter.

7

Figure (a) shows a simple
one-resistor circuit.

We can measure the
current by breaking the
connection and inserting
an ammeter in series.

The resistance of the
ammeter is negligible.

The potential difference
across the resistor must be
AVyx=IR=3.0 V.

So the battery’ s emf must
be 3.0 V.
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* The figure below shows two resisters connected in
parallel between points ¢ and d.

= By Kirchhoff’ s junction law, the input current is the
sum of the current through each resistor: /=1, + [,.

AV, AV, AV, AV.
L, 8% d d _

1 1

I — - AVCd — + -
R, R, R, R, R, R,
Rl
C [,—> d
# @
—— I,— —>]
R2
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= Suppose we replace R, and R, with a single resistor
with the same current / and the same potential
difference AV ;.

= Ohm’ s law gives resistance between points ¢ and d:

AV, 1 1\
SR S
1 2
AV,
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Resistors connected at both ends are called parallel
resistors or, sometimes, resistors “in parallel.”

The left ends of all the resistors connected in parallel
are held at the same potential V;, and the right ends are
all held at the same potential V..

The potential differences AJ) are the same across all
resistors placed in parallel.

If we have N resistors in parallel, their equivalent
resistance is:

11 1\
R= = o ey (parallel resistors)
R, R, Ry

The behavior of the circuit will be unchanged if the N
parallel resistors are replaced by the single resistor R,
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§17Q

1m§

Voltmeter

/
AV<V>8.5 \Y%

= Figure (a) shows a simple
circuit with a resistor and a real
battery.

= \We can measure the potential
difference across the resistor by
connecting a voltmeter in
parallel across the resistor.

= The resistance of the voltmeter
must be very high.

= The internal resistance is:

Avbat - AVR 0.5 V
F= ~R =

= 17Q=100Q
AVy 8.5V
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Kirchhoff's loop law

For a closed loop:

* Assign a direction to
the current /.

« X(AV),=0
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Kirchhoff’s junction law

For a junction:
I
2 Elin = 2Ioul 7
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Ohm's Law

A potential difference AV between the ends of a conductor with
resistance R creates a current
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Signs of AV for Kirchhoff’s loop law

Ay, AV, R
—|I= i —MWW—
Travel —> Travel —> I—
AV, = +& AV, = —& AV, = —IR

€ =Electromotive Force
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The energy used by a circuit is supplied by the emf £ of the
battery through the energy transformations

Egon > U—>K—>E;
The battery supplies energy at the rate
P,.=1
The resistors dissipate energy at the rate

(AVy)’
R

P, =IAV,=IR=
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