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Ohm’s laws 
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Variation of resistance (resistivity) with temperature 

R, ρ change with temperature in a complicated, material-dependent way. 

Why does it change? Nuclei vibrate 
due to thermal agitation, and scatter 
electrons as they pass. 

For many conductors, it can be approximated by a linear temperature 
dependence (for a small range of temperatures), 
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With α determined empirically and listed in tables. 

Trivia: why do light bulbs mostly die at the moment of switch-on? 

Answer: when the filament is cold it has less resistance, therefore it is the 
moment when the current is maximum. 



Various materials and temperature: 

Conductors: ρ 
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Semiconductors 

Superconductors 

E.g.: copper,  
aluminum, iron. 

E.g.: Germanium,  
silicon. 

:CT

0.1 to 20K for “usual”  
materials, 
e.g. mercury (1911) 

30 to 180K for “high  
temperature” materials,  
e.g. YBaCu (1986) 
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Example:  HRW Sample problem 
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Part b) 

Assume one electron per atom: 
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Having n, we can compute the drift velocity: 
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How could this be? 

When I flick a switch, a lamp that is yards away goes on immediately! 

Surfer analogy: a surfer can move fast  
whereas a person floating in the same water  
is barely moved by a wave. 

Similarly, disturbances in the electron 
distribution in a conductor travel essentially 
at the speed of light, whereas the electrons 
themselves move very slowly. 



Microscopic view of Ohm’s law 

We argued that electrons are pretty free to move in conductors, but that they may 
“bounce” with nuclei. This, in turn explained why resistivity depended on temperature. 
 
When an electric field is applied, an electron free to move will acquire an acceleration, 
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We can do a rough model of the motion by assuming that after a collision, the 
electron loses all memory of the acceleration a it had acquired. In the average time 
between collisions τ, the  electron will acquire a drift velocity vd=a τ= e E τ/m. 
 
Combining this result with the expression we worked out last class for the current 
density in terms of the drift velocity,                      we get, 
 
 
 
Which we can write as                                         and therefore   
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Resistance was a measure of the “cost” of establishing a current in a realistic 
conductor. The “cost” can be characterized in terms of the energy one needs 
to constantly input to a conductor in order to keep a current going. 

Power dissipation: 
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Let us follow an amount of charge dq as it moves 
through the circuit, starting at a. 

From a to b, through the battery, its potential 
energy is increased by Vdq. 
From b to c its potential is constant, similarly 
from d to a. 

When it is back at a, its potential energy should be the 
same as when it started. Therefore there must have been a 
loss of potential energy of amount -Vdq when moving 
through the resistance. 
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26  Summary 

Current 
• The electric current i in a 

conductor is defined by 
 

Current Density 
• Current is related to current 

density by 

Resistance of a Conductor 
• Resistance R of a conductor 

is defined by 

• Similarly the resistivity and 
conductivity of a material is 
defined by 

• Resistance of a conducting 
wire of length L and uniform 
cross section is 

 
Change of ρ with Temperature 
• The resistivity of most 

material changes with 
temperature and is given as 

Drift Speed of the Charge Carriers 
• Drift speed of the charge 

carriers in an applied electric 
field is related to current 
density by 

Summary 



Ohm’s Law 
•  A given device (conductor, resistor, or 

any other electrical device) obeys 
Ohm’s law if its resistance R (defined 
by Eq. 26-8 as V/i) is independent of 
the applied potential difference V. 

Power 
•  The power P, or rate of energy transfer, 

in an electrical device across which a 
potential difference V is maintained is 

•  If the device is a resistor, we can write 

 Resistivity of a Metal 
•  By assuming that the conduction 

electrons in a metal are free to move 
like the molecules of a gas, it is possible 
to derive an expression for the 
resistivity of a metal: 

Summary 


