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If the electric push (E) is identical, why do charges in different materials move
at drastically different speeds? The answer lies in the material’s mobility.




Defining the Carrier Response
What is Mobility (u)?

It is the responsiveness or agility of a charge carrier. It defines how easily a carrier
can achieve a steady drift velocity when pushed by an external electric field.
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Same Effort, Different Output: The Need to Normalize

High Mobility Medium '

Applied E-field = 10 V/m

Low Mobility Medium

Applied E-field = 10 V/m :

vy alone is incomplete. To truly compare materials, we must calculate
the drift velocity generated per unit of electric field. A%kaPA"
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The Mobility Formula Bank £\ Topal

The Definition

Magnitude of
Drift Velocity

The Microscopic Derivation

Average Relaxation Time
(Directly Proportional)

Mobility
‘J Substitute
Lu ‘Vd‘ Vg=¢€eET /m et

to reveal the
IE microscopic
dependencies:

Electric Field Mass of Charge Carrier

(Inversely Proportional)

SI Unit: m?/Vs
Practical Unit: cm?/Vs (10* x smaller than SI)




Sign Convention & Vector Relationships A Topai

The Mobility Calculation

The Vector Reality
Vd
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vq = —uE

Because of i1ts negative charge, an Mobility relies ONLY on the magnitude
electron’s velocity vector opposes the field. of the drift velocity.

pAH

Do not assign a negative sign to p. Mobility is strictly a positive scalar
quantity representing responsiveness, regardless of the direction of motion.




Mini Application: Extracting [ A TopAll

GIVEN (The Observation) APPLY (The Setup) SOLVE (The Execution)

e An electric field e Convert units:

E=1.0x10"4 V/m vg=1.1X 103 m/s. _3
is applied to a 1.1 x 10

copper wire. e Select tool: = 1.0 X 102
Use the magnitude

— 2
drift speed ratio: = Val u=0.11m*/Vs
vq = 1.1 nm/s. E

e Measured electron

Notice how v4 values are tiny (~ mm/s), but the p calculation normalizes
this against the small E-field to give a clean material constant.




Synthesis A oo

Unshakeable Truths: Mobility

. The Concept: Mobility is not velocity; it is the response (velocity) per
unit of effort (electric field).

. The Core Ratios: Defined macroscopically as p = |vd| / E and
microscopically as p = et/ m.

. The Dependency: It acts as a see-saw—directly proportional to
relaxation time (1) and inversely proportional to carrier mass (m).

. The Trap: Mobility is strictly a positive scalar, even for negatively
charged electrons moving opposite to the field.
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