
Chapter 19
current, resistance and dc circuits



reading quiz

 the ‘conventional’ current direction is the direction of flow
of

A. electrons

B. equivalent positive charges

C. positrons

 Two wires made of pure copper have different resistances,
these wires may differ in

A. length

B. resistivity

C. both of the above



current

 previously we considered electrostatic situations in which no E-field could
exist inside a conductor

 now we move to the case where an electric field is maintained within a
conductor by an external source and the conductor forms a complete
circuit

 this electric field applies a force to charges within the conductor

 in a metal the moving charges are negative electrons, but the
conventional current is still defined as the direction positive charges
would flow

units are C/s or Amperes, A



current

 rate of flow of charge is uniform
throughout a conductor, else
charge would accumulate in certain
areas

 at non-zero temperature, electrons
in a metal move a lot without any
applied field

 although the drift velocity of
electrons is rather slow
O(10-4 m/s), the electric fields
propagate through the metal at
close to the speed of light, so we
never notice a delay when
‘switching on’



resistance and Ohm’s law

 (conventional) current flows from a point of high potential to
a point of lower potential along the direction of the E-field

 the current is proportional to the drift velocity of the charges
in the conductor

 drift velocity is approximately proportional to the electric
field magnitude E and hence to the potential difference V

 from this follows the empirical Ohm’s law

– resistance, R is measured in V/A, also known as Ω, Ohms

 Ohm’s law is an approximate rule which holds for many
materials carrying most currents



resistivity

 the resistance of a cylindrical wire
is found to increase with increasing
length and decrease with decreasing
cross-sectional area

 ρ is the resistivity which is a
property of the material at a given
temperature



resistance quiz

 A constant potential difference of 24V is set up across an
Ohmic resistor and a current of 0.24A measured to flow,
what is the resistance of the resistor?

A. 10 Ω
B. 100 Ω
C. 5.76 Ω

 The resistor is replaced with one of the same dimensions
but made from a material of double the resistivity, with a
24V potential difference across it, what current flows?

A. 0.12 A
B. 0.48 A
C. 50 A



resistance quiz

 A current of 1.6 A flows through a wire. The charge
carriers are electrons - roughly how many pass through a
cross-section of the wire every second?

– A. 1
– B. 10-19

– C. 1019

– D. 1600



Ohm’s law



electromotive ‘force’

 current will always ‘flow’
from high potential to lower
potential

 if we want a complete circuit
with resistance we will need a
device in which current can
flow from lower to higher
potential against the direction
of the electric field

 examples of these emf sources
include batteries, electric
generators, solar cells,
thermocouples …

 ideal emf sources maintain a
constant potential difference
between the terminals

24V

0V

I

I

R
24V

0V
?



electromotive ‘force’ in a circuit

 now complete a circuit using a resistor



emfs supply constant voltage NOT constant
current
 consider the circuit shown

 when the switch is opened what happens to bulb A
– A. it gets brighter - more current through it

– B. it gets dimmer - less current drawn from the battery

– C. same brightness - bulb A receives the same current



real emf sources

 real sources of emf have an internal resistance experienced
by the current as it flows through the source. we denote this
by a lower case r

 hence the potential difference between the terminals is
reduced and depends upon the current flowing

 hence connected in a circuit with a resistor we have



a dim flashlight

 as a flashlight battery ages its emf stays approximately
constant, but its internal resistance increases. a fresh
battery has an emf of 2.5V and negligible internal resistance.
When the battery needs replacing its emf is still 2.5V but its
internal resistance has increased to 1000 Ω. If this old
battery is supplying 0.5 mA, what is its terminal voltage?



circuit symbols



energy and power in electrical circuits

 consider a circuit element, which
might be a resistor, capacitor,
battery or anything else

 when a charge q traverses the potential difference Vab work
qVab is done

 for a current                       a charge        moves in a time

 the work done on this charge is

 work done per unit time is called power



power usage of a resistor

 consider a resistor obeying Ohm’s law which has a potential
difference Vab across it and a current I flowing through it

 this power lost by the circuit is converted into heat in the
resistor, ensuring energy is conserved

Rbattery is
supplying
energy

resistor loses
energy as heat

I



power output of a real emf source

rate of work on
circulating charges rate of dissipation of

electrical energy in the source

electrical power delivered to the
circuit (to be lost by resistors etc…)



Charge flows through a light bulb. Suppose a wire is
connected across the bulb as shown. When the wire is
connected,

1. all the charge continues to flow through the bulb.
2. half the charge flows through the wire, the other half
    continues through the bulb.
3. all the charge flows through the wire.
4. none of the above



reading quiz

 Adding more resistors to a circuit can
A. increase the resistance
B. decrease the resistance
C. do either of the above depending upon the

arrangement

 What is the unknown current in the
circuit junction shown?

A. 2 A
B. - 2 A
C. 22 A

12A
10A

I



ideal voltmeters and ammeters

 it’s handy to define idealised measurement tools
– ideal voltmeter draws no current (infinite resistance)

– ideal ammeter causes no change in potential (zero resistance)

V

 A



Resistors in series

 suppose we chain together a number of resistors

 What is the relation between the current at a, x, y, b ?
A. Ia > Ix > Iy > Ib

B. Ia < Ix < Iy < Ib

C. Ia = Ix = Iy =Ib

 What is the relation between the potential at a, x, y, b ?
A. Va > Vx > Vy > Vb

B. Va < Vx < Vy < Vb

C. Va = Vx = Vy =Vb

Ia



Resistors in series

 suppose we chain together a number of resistors - this
behaves like an ‘equivalent resistance’

 current must be the same through each resistor



Resistors in parallel

 suppose we split a current between a number of
resistors

how are the potential differences across the
resistors related when R1 > R2 > R3 ?

A. V1 = V2 = V3

B. V1 < V2 < V3

C. V1 > V2 > V3



Resistors in parallel

 suppose we split a current between a number of resistors -
this behaves like an ‘equivalent resistance’

potential across each resistor is the same



example 19.9

 find the equivalent resistance and the current in each
resistor



resistors in series

 which statement is true?
– A. current through A is three times the current though B
– B. current through B is three times the current though A
– C. voltage drop across A is three times the voltage drop across B
– D. the potential difference is the same across A and B



bulbs

 bulbs act like resistors

 their brightness is proportional to the power loss in them,
I2R = V2/R

 so the larger the current, the brighter the bulb, (or the larger
the potential drop the brighter the bulb)



three identical bulbs
 with the switch closed, what is the correct ordering of the

brightness of three identical bulbs?

A. B1 > B2 > B3

B. B1 < B2 < B3

C. B1 = B2 = B3



three identical bulbs again

 how does the brightness of
bulbs B1 and B2 change
when the switch is closed?

A. B1 & B2 get
dimmer

B. B1 & B2 get
brighter

C. B1 & B2 stay
the same



two identical bulbs

 how does the brightness of
bulb B1 change when the
switch is closed?

A. B1 gets dimmer

B. B1 gets brighter

C. B1 stays the same



find the current in the 40 Ω resistor.

10 Ω

40 Ω

10 Ω

100 V
2 Ω



three identical bulbs again

 what happens to A, B and
C when the switch is
closed?

A. A & B get dimmer, C gets
brighter

B. A & B get brighter, C stays
the same

C. A & B get brighter, C goes
out

D. A & B stay the same, C goes
out



The three light bulbs in the circuit all have the same
resistance. Given that brightness is proportional to power
dissipated, the brightness of bulbs B and C together,
compared with the brightness of bulb A, is

A. twice as much.
B. the same.
C. half as much. P = V2/R

think carefully
about this one



SOMEWHAT HARDER:
An ammeter A is connected between points a and b in
the circuit below, in which the four resistors are
identical. The current through the ammeter is

A. I / 2.
B. I / 4.
C. zero.
D. need more information



Kirchhoff’s rules
 sometimes circuits can’t simply by analyzed

using parallel and series equivalent
resistances

 Kirchhoff’s rules codify the facts we already
know about conservation of charge and
energy in a way that makes solving circuits
easy

– junction rule: the sum of the currents into a
junction is zero

– loop rule: the sum of the potential differences in
a loop is zero



Kirchhoff’s junction rule
the sum of the currents into a junction is zero

already used this:



Kirchhoff’s loop rule
the sum of the potential differences in a loop is zero

already seen this:



example 19.10 - jump start your car

let’s evaluate counterclockwise starting from a:



example 19.11 - recharging a battery

run-down
battery

find                  and the electrical power for each of the emf’s

are the emf’s supplying power to the circuit or draining
power?



problem 61

5.00 Ohm resistor is consuming power at 20.0 W, what
current does the ammeter read?

What is the emf of the lower source?



hardest problem you can  get

find the three currents

simultaneous equations!



RC circuits

 using the
components we’ve
considered so far we
can build circuits
where the current is
not constant with
time



RC circuits



RC circuits



review - chapter 17



review - chapter 17



review - chapter 18



review - chapter 18



review - chapter 19



review - chapter 19



formula sheet

 both sides of one sheet of ‘Letter’

 any formulae and diagrams you like

 no words

 to be handed in with your test

 points deducted if you break the rules above



example solutions

A parallel-plate capacitor having rectangular plates of area A and separation d is
charged up by connecting to a potential difference by a battery. The battery is
disconnected, leaving the plates charged. If the plates are moved closer to each other,
1. the capacitance       A. Increases,       B. Decreases,       C. Stays the same

2. the potential difference between the plates  A. Increases,       B. Decreases,       C. Stays the same

3. the energy stored in the capacitor   A. Increases,       B. Decreases,       C. Stays the same

“explanations” might get you
partial credit even for wrong
answers



example solutions

what is the equivalent capacitance of
this system if C1 = 8.0 pF and C2 =
24.0 pF ?

 what is the potential difference across
each of the capacitors if the battery
supplies 12.0 V ?

C1 C2

V


