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Lecture No. 10

Physics 104
Chapter 27



27-1  Electric Current
Now consider a system of electric charges in motion. Whenever 
there is a net flow of charge through some region, a current is said 
to exist.

the charges are moving 
perpendicular to a surface of area A,

The current is the rate at which charge flows through this 
surface.

av
QI
t





dqI
dt



average current instantaneous current
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The SI unit of current is the ampere (A):

That is, 1 A of current is equivalent to 1 C of charge 
passing through the surface area in 1 s.
 It is conventional to assign to the current the same 
direction as the flow of positive charge

• the direction of the current is opposite the direction of flow 
of electrons.
• It is common to refer to a moving charge (positive or 
negative) as a mobile charge carrier. For example, the 
mobile charge carriers in a metal are electrons.

s
CA

1
11 

av

Q Ne
Ne
tI

 



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The electric current in a wire is 6 A. How many electrons flow 
past a given point in a time of 3 s?

I = 6 A

Example:

ave
Q NeI
t t


 
 

electrons
e
tIN 20

19 10125.1
106.1
36








 
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Example :

The quantity of charge q (in coulombs) that has passed through a surface of 
area 2.00 cm2 varies with time according to the equation q = 4t 3 + 5t + 6, 
where t is in seconds. 

(a) What is the instantaneous current through the surface at t = 1.00 s? 

(b) What is the value of the current density? 

2
4 2

17.0 A 85.0 kA m
2.00 10  m

IJ
A 

  


  A

at

t
dt
dqIa

1751 12  I

1sec   t          

512       )

2

2






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Microscopic Model of Current

ΔQ   = number of carriers in section  x charge per carrier  
ΔQ     = Ne

 ΔQ  = (nAvΔt)e

av
QI vAne
t


  


The speed of the charge carriers v is an average speed 
called the drift speed.

n = number of electrons/volume
N = n.Volume = n.A.𝚫X         
electrons travel distance 𝚫X = v Δt
N = n.A.v.𝚫t         
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Consider a conductor of cross-sectional 
area A carrying a current  I.
The current density J in the conductor 
is defined as the current per unit area. 
the current density is:

2
(A/m )

IJ ven
A

 

A current density J and an electric field E 
are established in a conductor whenever 
a potential difference is maintained 
across the conductor.

If the potential difference is constant, then the current also is 
constant. In some materials, the current density is 
proportional to the electric field: J E

27-2 resistance and ohm s law

8σ is called the conductivity 
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



  

      
 
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

  





Deriving ohm s law



1(resistivity)

R
A











From this result we see that resistance has SI units of volts 

per ampere. One volt per ampere is defined to be 1 ohm (Ω):

;     ;     V VI V I R R
R I

  ;     ;     V VI V I R R
R I

  
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(a) The current–potential difference 

curve for an ohmic material. The 

curve is linear, and the slope is equal 

to the inverse of the resistance of the 

conductor. 

(b) A nonlinear current–potential 

difference curve for a 

semiconducting diode. This 

device does not obey Ohm’s law.
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When a 3V battery is connected to a light, a current of 6 mA is 
observed. What is the resistance of the light filament?

Example: 




  500
106
3

3I
VR
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What length l of copper wire is required to produce a 4 m
resistor? Assume the diameter of the wire is 1 mm and that 
the resistivity  of copper is 1.72 x 10‐8 .m .

Example :

27
232

2 1085.7
2
10114.3

2
  mdrA 










 









 

mRAl

A
lR

 185.0
1072.1

1085.7004.0
8

7
















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Calculate the resistance of a rectangular strip of copper 
length 0.08 m. thickness15 mm and width 0.8 mm . The 
resistivity of copper = 1.7 x 10-8 𝜴.m









  11

1015108.0
08.0107.1 33

8 



R

A
lR

Example :
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Table 27-1, p.8377/1/2019 15



Calculate the resistance of an aluminum cylinder that is
10.0 cm long and has a cross-sectional area of 2.0x 10-4

m2. Repeat the calculation for a cylinder of the same 
dimensions and made of glass having a resistivity of 
3x1010 Ω
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(a) Calculate the resistance per unit length of a 22-gauge Nichrome wire, 
which has a radius of 0.321 mm.

(b) If a potential difference of 10 V is maintained across a 1.0-m 
length of the Nichrome wire, what is the current in the wire?

17



27-3 RESISTANCE AND TEMPERATURE

Over a limited temperature range, the resistivity of a metal varies
approximately linearly with temperature according to the expression

where  is the resistivity at some temperature T (in degrees Celsius), ρ0
is the resistivity at some reference temperature T0 (usually taken to be 
20°C), and  is the  temperature coefficient of resistivity.
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For most materials, the resistance R changes in proportion to the initial 
resistance Ro and to the change in temperature 𝚫t.

0R R t  0R R t  
Change in resistance:

The temperature coefficient of resistance 𝛼, is the change in 
resistance per unit resistance per unit degree change of 
temperature.

0
0

1;     Units:
C

R
R t

 


 0
0

1;     Units:
C

R
R t

 




Because resistance is proportional to resistivity

  01 TTRR o  

A
LR 

(Eq. 27.21), 

(Eq. 27.11), 
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The resistance of a copper wire is 4.00 m at 200C. 
What will be its resistance if heated to 800C? Assume 
that = 0.004 /Co.

0 0
0 ;    (0.004/C )(4 m )(60 C )R R t R     

Ro = 4.00 mt = 80oC – 20oC = 60 Co

R = 0.96 m R = Ro + R

R = 4.00 m + 0.96 m

R = 4.96 m

Example: 
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Factors Affecting Resistance
1. The length L of the material. Longer materials have greater 

resistance.
1 

L

2 

2L

2. The cross-sectional area A of the material. Larger areas offer LESS 
resistance.

2 

A

1 

2A

3. The temperature T of the material. The higher temperatures usually 
result in higher resistances.

4. The kind of material.  Iron has more electrical resistance than 
a geometrically similar copper conductor.
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A resistance thermometer, which measures temperature 

by measuring the change in resistance of a conductor, is 

made from platinum and has a resistance of 50.0 Ω at 

20.0°C. When immersed in a vessel containing melting 

indium, its resistance increases to 76.8 . Calculate the 

melting point of the indium.

22
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Because the rate at which the charge loses energy equals the power delivered to 

the resistor (which appears as internal energy), we have



An electric heater is constructed by applying a potential difference of 120 V to a Ni-

chrome wire that has a total resistance of 8.0 Ω . Find the current carried by the 

wire and the power rating of the heater.

If we doubled the applied potential difference, the current would double but the 
power would quadruple because
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Estimate the cost of cooking a turkey for 4 h in an oven that operates continuously 

at 20.0 A and 240 V.
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An electric heater draws a steady 15.0 A on a 120-V line. How 
much power does it require and how much does it cost per 
month (30 days) if it operates 3.0 h per day and the electric 
company charges 9.2 cents per kWh?

Example:

P = IV = 1800 W. 
total = 1800 W x 3.0 h/day x 30 days = 162 kWh. 
At 9.2 cents per kWh, this would cost $15.
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